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PREFACE 


To give a broad introduction to 1h<‘ use of electronic circuits and 
e(|uii)nicnt is the puj pos(i of this lR)ok. Int(5nded mainly for men 
in industry, the book outlines the industrial uses of tube circuits 
and gixes detailed explanation of a large numljer of electronic 
(*((uii)ments now seiving in industrial plants. 

Th(‘ subject is presented for the users of equipment already 
d(\sign(id and built by heading manufacturers; it is of little interest 
or value to the designer or builder of electronic equipment. No 
previous knowledge of tub<*s i> asMimed; tubes arcinti'oduced 
gradually in simple op<‘rating circuits, to ac(piaint the It^ader with 
the ])urpose of el(*ctronic eciuipnu^nt Ixibre briefly exploring the 
nalur(‘ of the tub(\s th(*mseh'(*s. Beyond simple arithmetic in 
example probh^ms, then* i> no use of mathematics. 

Th(‘ mat(*rial is not arranged in thi‘ orderly classification found 
in most textbooks but aims to maintain interest. The text is 
based on an evening study course in industrial electronics taught 
in Detroit by th(‘ author for several y(*ars, and sponsored by the 
University of Michigan Kxten.sion vService. Here the students 
come from many industrial plants, desiring to gain a general 
knowl(*dg(» of electronics so as to understand and service the 
'(|uipm<‘nt aln'ady installed. Some of these students have 
graduat(‘d from <M)lleg(‘s before radio and electronics were taught; 
the majority have had little technical training. Althougli desir- 
ing to learn of tube cinaiits, th(\v are (juickly l)ored with tul)e 
details or classiticxl fundanu^ntals. For such men this book is 
W'ritt('n; it may serv(‘ as a text for use l)y similar groups. 

There is no attempt to picture the api)lication of electronic 
(xpiipment or to discuss the results obtained. Occasional state- 
iiKMits are m)t techni(‘ally precise; to correct them would only 
confuse the av('rage rejulcT. 

This book will supplement rather than duplicate the material 
found in other texts; by explaining many kinds of complete 
circuits, it aims to awaken intcuvst in various phase^s of industrial 
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electronics so that the reader is encouraged to use other texts to 
obtfun more complete coverage of desired subjects. 

The author wishes to acknowledge the assistance of thr 
Electronic Control Sections of the General Electric Company, 
especially that of A. E. Bailey, Jr., W. D. Cockrell, H. L. Palme, 
and their coworkers. Photographs have been supplied by Gei 
eral Electric. 

George M. Chute. 

Detroit, Mich., 

Marchy 1946 



CONTENTS 


PAGE 


CEFACB Vii 

*APTER 

Choosing Electronics for Your Needs 1 


Electronic applications in industry — Too many vacuum tubes 7 
— High-vacuum vs. vapor-filled tubes. 

2. How Electricity Passes through an EJlectron Tube 6 

Tube advantages — ^The rectifier tube — Why a tube works — Do 
we see electrons? — Changing alternating current into direct 
current — Cathodes. 

3. Control of Electron Flow within a Tube. . . 15 

The grid — A contact problem and answer — Amplifier action- 
Triode — Phototube — D-c light-sensitive relay — Amplification 
factor — (^utofT. 

4. Time-delay Action 23 

A d-c time-dela}' relay — Speed of capacitor discharge — ^Time 
cx)nstant — Timing in an airplane. 

5. Tubes in A-c Circuits 30 

A-c power supply — Capacitor across relay coil — A-c photo- 
electric relay — Use of grid current — Precipitron — Capacitor 
charge in a half cycle — Voltage doubler — A-c contact amplifier. 

i. The A-c Time-delay Relay 37 

General-purpose timer (('R 7504) — Circuit action during time 
delay — A circuit problem (CR 7503-F173) — Weltronic timer 
(Model 53) — Voltages out of phase. 

7. Kinds of High-vacuu.m Tube v 47 

It 

Electron flow — Space charge — ('ontrolling a triode — ^Load Line 
— Gain — Screen grid — Tetrode — Secondary emission — Suppres- 
sor Grid — Pentode — Beam power tube — Duplex tubes. 

8. Light and Heat Relays 62 

Room4ighting relay — Elementary vs. wiring diagram— D-c, ' 
a-o relay (CR 7505-K108) — PhototroUer — Flame-failtire con- 
lrol^PrQteotDglow*«-T«ippwture indicator* 

ix 



X 


CONTENTS 


CHAPTER PACK 

9. Controlling Large Currents with Tubes ... 75 

Phanotron rectiher — Arc drop — Tubes as an a-c switch — 
Ignitron — Ignitoi firing — Ignitron contactor (CI17503-E) — 
Oscilloscope pictures — Vapor-filled tube ratings — Averaging 
time 

10. Obtaining D-c Power Supply for Tttbe Circitts . 91 

Photoelectiic p^ roiiietei — Filtering — Filter voltages — Voltage- 
regulatoi tube — Di'nk-iei f ifiei d-( supplv 

11. THYRAruoN Tires 101 

Thviation as pliotioii — TIiMation peifonn.ince — Thvuatron 
photoelectric iela\ (riiToO.VKlOO) — Ontical grid \oltagc — 
ThAratroii tempeiatuie, grid con'stiuction — Shield-gnd thyra- 
tron 

12. RESIsr\^CE-^^ I I DlN(i C'OMROES IIK 

Summan of controls — Scsjuenc e-v eld tiinca (( R7503-F11S) 
(^apacitor UM's- Secjiu lu e-\\ eld tiniei (Weltioiuc Mod(*l 75) — 
Sequence-u eld tiinci (( K7503-ri7S) - S\ nehionous tuning — 
Sniall-u eldei contiol ((’H7503- \l5Si I sing i pcMking trans- 
former — Half-e\(le uc'lder (CK7503- V ld(> » 

13. Gradual CoMHOE in Thar \ IKONS R\ PhvseShiutng 115 

VarA mg pow c i thi ough a apor-filled t ul xs Slid t mg t hc' phase of 
grid Aoltage — Steam exiniph — Ph ise slufi b\ inductance — 
Llectionic heat control N’H75().kl)157) Phase-sluftmg 
bridges — llectionic heat contiol (Wcstmghouse t\i)e) — Half- 
CATle magnetizer (( H7')09-I)l lOi— Phnse-shdtmg metliods 

11. IIlVIING VND LiOHI-DIMMING f’ONlKOI.S 172 

Reactor c’ontiol ot ac — Ikiltcn a - charging regulator — Theater 
Iight-diminmg c*ontrol K lt7502)— Phanotrous and thj^ratrons 
in a-c iriducti\e circuits — ThAiation control of icactors —Rcac- 
trol heating C'ontrol ((’117508- \109) 

15. Tube Confroe oi V !)-(’ Motor . 1S5 

\rinatureand held contiol of motor sp<»ed — Rc*c tihed motor cur- 
rent — Tension control — Phase shifting with d-c signal Amltagc'— 
C’onstant spc‘ed by armature oi field control — Klecdionic* motor 
control (Wcdtronic tvjie Y) — I )in*( t-coufilcsl amplifiers — 
Phase control of two tubes bv one giid 

JG. Arc-weedivg ('oNTHor. 205 

Voltage control M iiioimielt Type UM)— Aic-wcddmg equip- 
ment (GL type WFB) — Phase shdting b} a saturable reactor— 
“J/>ng-tajh»d pan ” Using either welding polarity 



CONTENTS 


xi 

CHAPTER PAGE 

17 . Voltage and Speed REouLATORft 217 


Generators and regulators — Tube response to generator voltage 
— Tube control of large field current — Regulator (Weltronic , 
VRl) — Regulator (GE GVAIBI) — Regulator with amplldyne ■ 
(GVA7B1)— Regulator (OR 7507-(T16A)~Hunting action— 
Antihunt action — Stabilizer — Snubber or limit-switch action 
of tubes. 

18. Lahgk-cuurent RE<nTFiEH,s 239 

Rectifiers for 8ton*d-energy welding — Three-tul)e ignitron 
rectifier ((417503J ) — Three-phase, full-wave rectifier — Effect of 
capacitor voltage on <*liarging rectifier — Six-phase, half-wave 
HictifitT — Interpha.se transformer — Ignitron rectifier for mot^ir- 
arniature supply — Magnetic-impulse firing of ignifrons. 

19. llKiH Fkkqlkxciks and Shoktku Wavelengths. . . 201 

'Fhe fnupieney spectrum — Sound — 8ui>er.sonics — Radio — In- 
duction or dielectric heating — ^laght and color — Infrared or 
heat rays — ritraviolet rays — Golor re.'^pon.se of phototubes — 

X rays and gamma rays. 

20. Inverters, Oscill v pors and the Electronic Heater 278 

Single- and two-tube inverters — Self-excited inverter — Elec- 
tronic heater — Four-tube rectifier — Oscillator action like a rope 
swing- 'Fube and tank currents —Effect of grid bias — Start of 
oscillation- -( 'la.ss A, B or (‘operation — J*u.‘*'h-pull — Elevator- 


ear-leveling oseillat<»r- Oscillator type'". 

21. Temper KT i KE Re(’orders 304 

J^rown ( 'out inuouN-balanee Pyrometer — (’apaeil«)r-eoupled ain- 
plifieis - Italaneing mot<»r - A-e bridge signal — Hailey Pyrotron 
AiiipJifi(*r. 

22. Hi<;h-.speed Li<;ht Relays 31t> 

Speed limit of a-e operation— Fast relay response (( ’UToOo-Jo) 


— Sudden light ehanges — High-spee<l relay ((‘R750.VX1 10) — 
Piidiole det<*etor -Time delay for the marker- -I>t>ng-distancc 
light I'clay (('H7r)0r>-H100) — Modulatisl light. 

23. Register Controls 333 

Oontnrl of printed paper- -Cutoff control (CR7505-W2A) — 
Higher speed web-register control (('R7505-\Vn0) — Light- 
signal adjustment — Side-register eontnd ((''R7i>05-Sli9) — 
Antihunt cireuits. 

24. Thy-mo-trol- Automatic Tube ('oxtrol of D-c 

Motors 348 

Stre4iinliiied Thy-mo-trirl — Armature->’oltage and field-voltage 
e^ontrol — Preventing overvoltage — C\irrent -limit control- -('on- 



CONTENTS 


xii 

CHAPTER PAGE 

stant speed with changing load — Complete Thy-mo-trol 
(CR7607-G146) — Slowdown by dynamic braking — Waveshapes 
of armature voltage — Reversing — Inverter operation — Limiting 
inverter voltage — Thy-mo-trol using tachometer speed signal. 

25. Thy-mo-trol for Small Motors 371 

Small Thy-mo-trol (CR7507-F101) — Phase shifting by charging 
a capacitor — Thy-mo-trol for tire building (CR7507-G219) — 
Phanocharger for batteries (CR7501-K1 14). 

26. Regulators of Welding Voltage and Current. . 389 

Voltage-regulating compensator (CR7503-D157) — Preventing 
firing only one ignitron — Current-regulating compensator 
(CR7503-D160). 

27. Electronic Service Instruments 404 

The need for a vacuum-tube voltmeter — An electronic volt- 
meter (RCA VoltOhmyst 195) — Cathode-ray tube — Cathode- 
ray oscillograph (DuMont 164-E) — Sweep circuit — Synchroniz- 
ing — Stroboscope (General Radio Co. Strobotac 631-B). 

28. Nonelectronic Devices 426 

Tachometer generator — Amplidyne — Antihunt methods — 
Peaking transformer— rSaturable reactor — Reactor voltage 
curves — Constant-voltage transformer or stabilizer — Selsyns 
— Differential selsyn — Thyrite — Disk rectifiers — Thermo- 
couple — Ballast tube — Vacuum contact switch — Mercury con- 


tact tube. 

Correlated List of Visual Aids 445 

Indfjc 451 

Answers 159 



CHAPTER 1 


CHOOSING ELECTRONICS FOR YOUR NEEDS 

You know how electricity washes clothes, cooks your food, 
freezes your food, lights your home and runs streetcars and 
elevators; yet no single electrical dcjvice does all these things. 
In the same way, electronics is not just one tube or magic bottle; 
electronics is a complete system or part of electrical engineering. 
Electronics is the science or practice of using electricity in devices 
similar to radio tubes, so as to get results not possible with ordi« 
nary electrical equipment. 

1-1. The Age of Electronics. — Although electronics has received 
greater attention during the war years, electronic equipment 
has been used for a quarter of a century. Without electronics 
you might have no radio, sound pictures, fluorescent lighting, 
public-address systems or long-distance telephone calls. Recall 
that most of these familiar equipments serve to carry or give 
information — communication has been the major purpose of 
electronics and still holds the interest of most workers and 
students in this field. 

Meanwhile industry, seeking faster and more accurate methods 
of production, has adapted electronic equipment to its o^\^l needs. 
Gradually during the past 15 years industrial plants have 
installed tube-operated equipment to give better operation of 
motors, better spot or seam welding, and more useful heating 
of metal, along with the better known “electric-eye” control of 
varied operations. 

Five years of mechanized warfare placed huge quantities of 
electronic devices in ships, planes and tanks; all this war material 
has come from industrial plants that use similar tube-operated 
equipments in manufacturing processes. These industrial equip- 
ments will remain in use after the end of war needs; electronics in 
industry is here to stay. 

1-2. Electronics in Industry* — A list of ways whereby elec- 
tricity is used in industry would fill many volumes. Similarly, 
there are thousands of tube-operated or electronic ways of getting 
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results; many books have described these industrial methods. 
F5r the reader who wants only a result and a clue to a method 
used, the references in this chapter are of direct interest. 

Many kinds of electronic equipment are available to industrial 
users and are carefully designed for the severe re([uirements of 
life in a modern factory. These standard ecpiipments are 
installed in such numbers that they are already familiar to the 
electrical personnel of many manufacturing plants. To show 
how these electronic equipments work, to gi^ e an understanding 
of industrial tube-operated circuits already in use, the following 
chapters are devoted. 

1-3. All of Electronics Is Electrical.— Xo matter vhat ?*(^sul1 is 
desired or what kinds of tube or eh'ctronic device' are used, this 
equipment is electrical. Understanding (Oectronics includ(*s the' 
understanding of ordinary electric devices and circuits, some of 
V hich are reviewed herein. 

Some people believe that ('lectronic devices can hear, s('e', IVh'I, 
smell or even think; this is true only when the sound, image', 
feeling or thought can be changed into an electric signal, to whi(‘h 
the tube-operated device can then respond. ]\Iu(‘h ot the su(‘cess 
of electronics depends on the ch'verness of tlu' methods used to 
obtain an electric signal that can be used to stimulate th(' elec- 
tronic device into action. This signal may be so small or so 
fleeting that it is ignored by ordinary electric (h'vices; the tube- 
operated circuit can be made to detect such a signal, increa^^e its 
strength and put it to useful work. Vs v hear ot no electronic 
device that will remove the roast chicken from th(' oven when 
its smell indicates that cooking is complete; when some de\'ice is 
perfected that will convert that certain odor into a corn'sponding 
electric signal, then our present elect ionic devices can do tin* n'st. 

1-4. References to Industrial Electronic Applications. To 
learn what new electronic devic(»s an' usi'd or what probh'ins of 
industry are solved ]jy electronics, on<' must rf'fer to numerous 
articles in various magazines. Several excelh'iit lists of such 
articles have been pul)lished: 

A Decade of Progress in the I^se of Electronic Tubes in Other 
than the Field of Communications, Electrical Engineering (Trans- 
actions section), Dec(‘mb('r, 1940, jj. 650. 

W. C. White’s Where to Find Special Information on Electronic 
Uses in Industr 3 % appears in Electronic Indntitries for June, 1913, 
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at p. 72; lor Fel)ruary, 1944, at p. 96; also for February, 1945, 
at p. 102. 

Similarly, a list of books published in various branches of 
electronics, P^lectronics Bibliography for War Training, appears 
in Electronics for May, 1943, at p. 109; for June, 1943, at p. 128. 

In the study of the industrial branch of electronics, particularly 
for those circuit and tube details needed in the preparation of this 
book, the author finds the following very helpful: 

Hkvmey, K., ‘^Electron Tubes in Industry,” ]\IcGraw-Hill Book 
Company, Inc., 1937. 

Fivk, Cl. I)., ^^lOnginceriiig Electronics,” McGraw-Hill Book 
C/ompany, Inc., 1938. 

Auheut, a. 1.1., ^M'^indamentals of IClectronics and Vacuum 
Tubes,” The Macmillan (\)mf)an>, 1938. 

PAstmax, a. V., ^^Fundamentals ol ^’acuum Tuhe^,” McGraw- 
Hill Book Company, Inc., 1941. 

Guujksex, ¥, H., and P]. H. Veddek, ‘'Industrial Electronics,” 
John Wiley & Sons, Inc., 1935. 

CorKUKLE, W. D., “Industrial I^lectronic Control,” McGraw- 
Hill Book Company, Inc., 1944. 

Caveuly, D. P., “A Primer of P^lectronics,” McGraw’-Hill Book 
Company, Inc., 1943. 

Batoheu, R. R., and W. Morur, “The P^lectronic Pmgineering 
Handbook,” iJectronic Development Associates, The Blak- 
iston (/omi)any, 19U. 

1-6. Too Many Vacuum Tubes? —Ordinary electrical ecpiip- 
ment enters the el(‘ctronic class whenever its circuit includes an 
electronic or vacuum tube. The special behavior of electricity 
within such a tube changes the performance of the entire circuit. 
Naturally we an' first interested in the tubes themselves. 

A mwvcomer to electroni(*s is awed by the numerous tube types, 
styh's, shapes and ratings. Although many of these are men- 
tioned later, hero let us divide all tubes into only two classes. 
The first class of tube has had all air piunped from inside it, and 
has then Ikh'U sealed so that there is internal high vacuum; into 
the s('Contl class of tube, after it has Ihh'ii similarly fuimped free 
of air, an amount of a c(‘rtain gas or vapor is inserted Ix'fore the 
tubi' is sealed. Both of tlu'se are known as vacuum tubes: but 
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they are correctly divided into high-vacuum types and vapor- 
filled types. * 

1-6. High-vacuum vs. Vapor-filled Tubes. — Later chapters 
will show why all high-vacuum tubes have speedy and complete 
control of their circuits, unmatched by any vapor-filled tube; the 
vapor-filled tube can handle much greater amounts of current, 
but cannot decrease or interrupt this current flow. We may 
think of the high-vacuum tube as being of the “white collar or 
professional class; it is able to respond to very small signals and 
will follow, although these signals may change a million times per 
second. It is ideal for most circuit operations, but usually lacks 
the brawm or ability to pass reasonably large amounts of current 
(such as one ampere). In comparison, the vapor-filled tube is 
of the laboring class; it has great current-carrying ability, it 
responds to a starting signal, but it cannot stop its owm current 
flow^ or be used w’here signals change thousands of times per 
second. Both classes of tube will rectify (pass current in only one 
direction), just as both classes of w^orker must eat. 

Until recent years the high-vacuum tube was found mainly in 
communication equipment, where the vapor-filled tube was 
almost unknowm. It is natural that earlier electronic textbooks 
stress the high-vacuum tube and its use in radio and similar cir- 
cuits; at that time vapor-filled tubes wTre used mainly as pow’er 
rectifiers, seeming to w^arrant little textbook space. Today wx* 
find vapor-filled tubes included in certain communication equip- 
ments; the modern industrial electronic ecjuipment, controlling 
high-current circuits to large motors, welders or furnaces by 
vapor-filled tubes, is supervised by groups of high-vacuum tubes. 

While many tubes have been designed for special purposes, 
there are very few basic types of vacuum tube, when judged by 
their method of operation. In the next six chapters you m<H‘t 
only two or three tube types, but these may be used in an endless 
variety of circuits. 

1-7. Tubes Close or Open Electric Circuits. — \"acuum tubes 
merely act as switches, which may close or open electric circuits 
at very high speed; or they may control the amount of electricity 
flowing through the space inside the tube. If someone could 
make a moving electric switch that would close and open its 

* Sometimes high-vacuum tubes are called hard tubes, vapor-filled tubes 
are called soft tubes. 
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contact thousands or millions of times per second, or gradually 
change the amount of electricity in its circuit at such speeds, such 
a switch could equal the performance of some kinds of vacuum 
tube. 

In this study of electronics in industry, perhaps one-fifth of 
our time is devoted to the vacuum tubes and to what takes place 
inside them. The study of the electric circuits outside the tubes 
mil require more time; in these circuits we find resistors, capac- 
itors, motors and reactors which may be well known to us in 
industrial power applications. When we introduce vacuum 
tubes into these circuits, the electrical changes are most rapid 
and interesting. 

For simplicity, we will watch vacuum tubes operate in circuits 
having d-c power supply, before advancing to the corresponding 
a-c circuits which are more frequently found in industry. 



CHAPTER 2 


HOW ELECTRICITY PASSES THROUGH AN 
ELECTRON TUBE 

We already know liow elect rie current flows in motors, in(‘an- 
descent lamps, electric furnac(‘S, transformcMs, and in ma^^iK^tic* 
control diwices; the ele(*tricity always flows in the coppei* wirt^ or 
other metal parts. Ihit consider a stroke of ]iglitninf>\ where 
elect ri<*ity jumps through space. The great el(‘ctric pressure' 
of lightning forces the electric current to pass through the air. 1 n 
the same way, inside any radio tulx', tiny electric curnuits are* 
made to pass through the space separating ce'rtain j)arts in the 
tube. We say that such action — wlu're electricity flows through 
space instead of being confined to metal conductors or circuits— 
is electronic. 

2-1, Why Is It Called Electronic? —Years ago, sciemfists wiio 
were trying to explain liow electricity passed through ^i)ace, 
thought that such an ekrtric current was a stc'ady stream of tiny 
electrical particles. They called thes(‘ partick's vU drones. I'oday, 
w'e believe that any ek'ctric current is made of countless numlxMs 
of electrons. Only w'lien el(*(*tricity passes through space*, wIk'h 
the stream of electrons com(‘S out of the metal into the opeai, i.s 
such action called cUcfronic. AVhenevtT electricity flows across 
the space inside a ik'vice that controls its sti'e'ani of ('lectrons, 
that device is called electronic. 

2-2. Tubes Are Airtight. — In ordinary air, (‘k'ctrons st'em bash- 
ful, and can be made to jump through space only by the prc'ssun' 
of high voltage. Rut if they are eiiclos('d in a tube from which 
the air has been j*emoved, the electrons flow across the space* 
more easily. All electronic tubes arc; carefully se'aled, to main- 
tain the desired conditions inside the tube. 

Some electric lights are electronic. The Cf)mmon incandescent 
light bulb is not considered electronic, even though it is cn(;losed 
like a radio tube, for the electricity flows entirely within the 
metal filament. In contrast, the fluorescent lamp is electronic, 

6 
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for its light is produced by the action of electricity that Hows 
through the space between the two ends of the lamp. 

2-3. Tube Advantages. - Let us list five important ways in 
which electron tubes giv(‘ opeBi^tion unequaled by other electric 
equipment : 

1. Electron tubes can lespond to very small control signals, 
and produce a corresponding but larger signal. In this way, 
tubes increase, or amplify, the input signal. 

2. Electron tilings can respond at sp(M'ds far beyond those 
reached by the most sensitive moving devices. 

3. Acting at high speeds or high voltag€\s, electron tubes can 
produce sp(M*ial ladiations (such as radio or X rays). 

4. Some kinds of elecdron tube respond to light, serving as 
(dectric ey(‘s. 

5. With alternating voltag<» applied, electron tu])es can carry 
(‘lectricity in one dirt'ction, while refusing to carry it in the 
opposite direction. In this w’ay, tube.'- change or rectify alter- 
nating current into direct current. 

This last type of action (‘\ists in Jno-^t (dectron tubes, w’hether 
or not w'e wish to use tluun as rectificu’s. I.(‘t us w'atch the action 
of su(di a vacuum tube in an electric circuit. 

2-4. Introducing the Rectifier Tube. In Fig. 2.1 we set' an 
ordinary transformer winding TH, which can force current 
through a contactor coil (\ wlxuiever switch N is clos('d. We all 
know that th(* alternating current flows in both dirt'ctions through 
the sw'it(di and through the contactor coil, and the curve beneath 
shows that both lialves of the a-c voltag(' wave'* are applied to the 
terminals of the coil, llowevd*, in Fig. 2B we substitute a 
vacuum tube T for switch N, to see what hapi)ens. In the com- 
l)lete symbol. Fig. 2i\ we show’ that this simple tvibe has an 
anode, or plate, entering the top of the tube circle, whik' at the 
bottom there is a cathode. Having two elements (anode and 
cathode), this tube is called a diodv. 

The cathode is heated by the outp\ii of a small transformer 
winding and is usually red hot before electricity can flow’ through 
the tulx\ This ejc'ctricity passes through the space between 

* 3'hivS wavo picture, in Fig. 2.t, represents one complete cycle of a-c 
vollagc, whndi (diaiiges from positive (above the line) to negative (below 
tlu' line) and back to positive at the nite or fre((ueney of, say, bO cycles per 
second. 



8 


ELECTRONICS IN INDUSTRY 


[Crap. 2 


the cathode and the anode, even though there is no piece of metal 
connecting these two parts of the tube. So, in Fig. 2B, we must 
realize that the electric circuit may be complete, or closed, 
between cathode and anode of the tube, even though the circuit 
line is not shown as connecting these two points within the tube. 
To permit this electricity to flow through the tube, the cathode 






P'lG. 2 A . — The complete a-o wave 
passes through S to pick up C. 


Fio. 2B . — Only half of the wave 
passes through tube T. 


produces or emits electrons fron> its heated surface, which may 
be made of material such as tungsten. In simple diagrams such 
as Figs. 2B and 2Z), we do not show the tube filament; we use a 
horizontal line within the circle, to represent the heated part of 
the tube which produces the electrons. 

We find, with connections as in Fig. 2B, that current flows 
through the tube and the contactor coil, but the contactor 
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chatters. Only a half wave of the a-c power supply is able to 
pass through the tube. Since we shall need to know which half 
wave can flow through the tube (or learn to distinguish whether 
the right-hand side of the transformer is positive or negative 
when current flows through the tube), we refer to Fig. 2J9, where 
we have substituted a battery for the transformer and have 
connected the negative side of the battery to the contactor coil. 
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This means that the anode or top of the tube has a more negative 
potential than the cathode or bottom of the tube. With this 
connection we will see that the tube refuses to pass current. 
However, in Fig. 2E we have reversed the battery connection, so 
that the positive terminal is now connected to the contactor coil, 
and the anode has a more positive potential than the cathode. 
Current flows, energizing the contactor coil. This confirms our 
previous observation that current can flow in onjy one direction 
through an ordinary vacuum tube, and that these electrons flow 
only when the anode has a more positive potential than the 
cathode. The stream of electrons, produced at the heated 
cathode, flows through the tube from cathode to anode. 

2-6. Why a Tube Works. — We have now learned three of the 
basic fundamentals of an ordinary vacuum tube: (1) heat is 
required at the cathode before this kind of tube can work; (2) 
current or electrons pass through space within the tube, requiring 
no metal conductor; (3) the electrons pass in one direction only, 
flowing from cathode to anode. 

Let us study in detail why a tube works this way. If we merely 
had two wires connected to a source of voltage, and the ends of the 
two wires were slightly separated, in open air, we know that 
rather high voltage would be needed before this gap would break 
down and permit current to flow across the gap. Connected to 
an a-c supply, the current would jump across the gap in both 
directions. The current jumping such a gap may be quite large, 
in amperes. Actually, this current flow also consists of billions 
of electrons. 

If we now enclose the ends of two wires as in a bottle, from 
which we then pump all the air, we find that rather high voltage 
is required to force even a small amount of current across the 
space between the ends of these wires. However, if we provide 
some way of heating the end of one of these wires, inside the 
enclosure, a small amount of current will easily flow across the 
spa(;e, with very low voltage applied. This was discovered over 
50 years ago, when Edison was experimenting with his early 
electric-light bulb. In such a lamp, you recognize that he had 
an air-free enclosure, with a heated wire, the filament. One day, 

* Small superior numbers used throughout this book refer to other sections 
where further pertinent information will be found. Here, for instance, it is 
suggested that the reader see Sec. 2-1 of Chap. 2. 
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to study an iinusiuil artion of the lamp, ho insortod the end of 
another wire and found that he could measure a tiny flow of 
current throuf^h this second wire, connected outside to a battery, 
even though the wire did not touch any other object inside the 
lamp bulb. This observed '^Edison effect^' was a basic dis- 
covery upon which our entire subject of electronics depends. 

2-6. The Electron Flow between Cathode and Anode. — In 
such a tube, the heated part, or element, is called the cathode. If 
electricity can flov through the tulw^ ^^hon the cathode is hot, 
but refuses to flow wdien tlie cathode is cold, we realize that the 
heated cathode must l)e resjxmsible for producing this current 

Constomt filament 



flow^ through th(‘ spac(*. Today we have come to think ol this 
current flow' as merely a stream of electrons forc(‘d out ol tlu* 
cathode by the heat and attracted to the anode only when the 
anode is positive (as when it is connect(‘d to th(‘ l)ositi^^e battery 
terminal). To explain this, w'e say that electrons are negatively 
charged particles of electricity. Since such negative charges are 
attracted by an opposite, or })ositi\e, potential, the electrons 
loish toward the positive anode; when the anode becomes nega- 
tive, the flow^ of electrons stops. 

If we increase the anode voltage of a typical vacuum tube, th(‘ 
flow of electrons through the tuU* and its external circuit is also 
increased. This holds true up to the ]:)oint where all the electrons 
produced at the cathode are being attracted to the anode, as at A 
in Fig. 2jP. Ilow'ever, at higher anode voltages, w'e find that tin* 
electron flow (anode current) will increase further, if cathode 
temperature is raised to produce more electrons within the tube. 
We see that, as the t('mperature of the filament increases, mor<‘ 
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oloctrons are forced to k'ave the cathode surface aud enter th(‘ 
open space, where they can be attracted to the anode. Ilowevei', 
a constant anode voltage attracts only a certain amount of elec- 
tions, producing anode current, shown at B in Fig. 20. Jf th(‘ 
lilament tc'mjierature is raised furth<‘r, producing excess electrons, 
the anock' current increases very little. 

I Constant 01 node 

voltoige 



Coithode or filoiment temperoiture 

1 H. 'J(r I^)^\ tube ('luieiit incieasps with temperature 

2-7. Do We See Electrons? — This (piestion of causing electrons 
to i)e (unitted or forced out of the cathode is of special interest 
h('re, mainly because it explains why the subject of electronics is 
so fretiuently illustrated l\y pictures of particles ^vhirling in 
co]or(‘d orbits, etc. Such pictures are merel}’' the physicist^s 
mental picture of how' electrons Ix'have while they gain sufficient 
(uuu-gy (from added heat) to break loose finally from the bonds 
that hold them within the atom, and then^b}’^ jump into space. 
For our purpose, we need not con(*ern ourselves further with this 
idea of whirling electrons and their orbits. All we ne^d to know 
is that inside an electron tube large (luantities of these electrons 
are driven into the open space, where they may be controlled 
more easily and more rajiidly than when these same electrons are 
still flowing in an ordinary nudal circuit. 

If wx‘ operate a glass high-vacuum tube, projierly connected in 
its socket, we can usually sih‘ the red-hot filament, but no other 
(‘vidence of its operation. The amount of current through such 
^'acuum tulx's is usually a IVwv milliamperes, or thousandths of an 
ampere. The otlua* •class of tube (vapor filled, st^e Sec. 9-1), 
w hi(‘h can carry mor(» curnmt, show's not only thi' nxl-hot filament 
but also a bliK' or iiurpk^ glow' when electrons are flowing through 
the sjiace IxiwHKui cathode and anode. 
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2-8. Changing Alternating Current (A.C.) Into Direct Current 
(D.C.). — In electronic circuits, we often need some direct current, 
although the whole equipment may operate on a-c supply. One 
or two small tubes may be included for this purpose alone, acting 
as rectifiers. Similar to Fig. 2J?, a single diode^*^ may be used, 
which permits only one-half of each cycle of a.c. to reach the 
load, or d-c circuit; this pulsating output must be smoothed or 
filtered^®-^ before it becomes a useful d-c supply. This half-wave 
rectifier is most useful in communication circuits and electronic 
instruments, which recjuire small amounts of d.c. at high voltage. 

To produce a somewhat larger amount of direct current, two 
such diode tubes may be combined into one circuit, so as to 


A/^YYX 

\ Y / X / 

\ / \ / 

Fig. 2H. — Output waveshape of two- 
tube lectifier. 


(xmaaaaJ 



Fig. 2/. — ^Two-tube lectifier, passing 
both half waves. 


rectify and use both halves of the a-c supply voltage wave. The 
output waveshape of such a two-tube rectifier is like the solid 
lines in Fig. 2//, and often must be smoothed into more useful 
form. The basic circuit of this rectifier appears in Fig. 21. In 
Fig. 21, a transformer is shown whose secondary winding is 
connected through fuses to the anodes of the two tubes. The 
cathodes of the two tubes are connected together and form the 
positive connection to the load. The negative load terminal 
connects to a mid-point of the secondary winding of the anode 
transformer. The a-c power supply causes point A to be more 
positive than B during one-half of each cycle. During this half 
cycle (shown as X in Fig. 2H), the voltage of the right half of the 
transformer secondary winding forces electrons to flow from the 
transformer center tap to the load, and tlirough the right-hand 
tube to point A. At the same instant, point B is at a more 
negative potential than the transformer center tap, and it is 
impossible for current to flow through the left-hand tube. One- 
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half cycle later (as during Y in Fig. 2H), point B is more positive, 
and the left-hand half of the transformer forces electrons to flow 
from the transformer center tap through the load and left-hand 
tube to point B. Notice that the flow of electrons through the 
load is always in the same direction, regardless of which tube 
carries the current; therefore, during half-cycle Y of Fig. 2H, the 
voltage across the load is also above the horizontal line, as at Z. 

2-9. Use of Oscilloscope. — To demonstrate the operation of 
this rectifier and show these wave-shape patterns (such as Figs. 
2B and 2H), we use an oscillograph or oscilloscope. The cathode- 
ray oscillograph (see Sec. 27-5) is itself an electronic device. This 

scope” contains a high-voltage electron tube, which is able to 
focus its stream of electrons so that they strike the end of the 
tube, causing a green spot where the electrons strike the fluores- 
cent material at the end of the tube. When the scope (like a 
voltmeter) is connected across the load circuit of this rectifier, the 
green spot on the scope screen is made to trace a pattern or 
picture that shows the changes in voltage across the load during 
each cycle. With the scope adjusted so that it shows two com- 
plete cycles on the screen, we obtain the pattern shown in Fig. 2H. 
If we open the anode circuit of one of the tubes, 
we see that the scope picture resembles Fig. 2B, 
since with one tube disconnected, the other tube 
acts as a half-wave rectifier. 

2-10. Full-wave Rectification with One Tube. 

Where small amounts of direct current are needed, 
such as could be furnished by a pair of high-vacuum 
rectifier tubes, it is quite customary to combine 
the parts of two such diode tubes into one envelope xwo anodes in a 
or enclosure, forming a duplex tube. This is single rectifier 
shown in Fig. 2/, using a small full-wave* rectifier 
tube, such as the well-known types 80 or 83. This circuit oper- 
ates the same as the two-tube circuit of Sec. 2-8. Note that the 
cathodes are connected together inside the tube. The electron 
flow between the cathode and the left-hand anode has no effect on 
the corresponding stream of electrons between the cathode and 
the right-hand anode. There is no electron flow from one anode 
to the other anode ; neither anode is heated or emits electrons to 
produce such a flow. 

* This is more correctly called a biphase half-wave rectifier. 
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2-11. Types of Electron Emitter or Cathode. — In many tubes, 
the cathodes arc merely the filaments; the electron stream comes 
directly from the surface of the hot filament,* as indicated in the 
tube in Fig. 2J, 

Other tubes, usually larger or industrial types, 
need cathodes that can j)r()duce mucJi greater 
quantities of electrons; these tul)es are built with 
indirectly heated cathodes, as is indicated in the 
tube symbol in Fig. 2K. In such a tube the heat 
Diode with in- produced ill a filament, which lu'ats a separate 
diiectiy heated cathode structure, f whose surface is Ix^tku" suited 
to emitting large (luan titles of electrons. Such 
a cathode may be like a im^tal skn^ve surrounding the fila- 
ment, Init probably has^io electrical connection to th(‘ filament. 
"Jlie cathode emits the ele(*tron stream; the lilaiiKuit m(u*(4y ket'ps 
the cathode hot and therefore is freciiiently omitted in simplified 
diagrams, as in Figs. 21) and 21, A tube consisting of an anode, 
a filament and an indirectly heated cathode is classcxl as a diode; 
it has two separate elements, not three. 

* The incinl filament may bo coated with an oxide, tlien'by prc'atly 
increasing the electron emission or permitting operation of the filanumt 
at lower temperature. 

t Tubes with indirectly healed cathodes U'cpiire a longer warming ]>eri()d 
before their cathodes can reach the t<'inj)<*ralun‘ leipiired for satisfactory 
electron emission. 




CHAPTER 3 


CONTROL OF ELECTRON FI<OW WITHIN A TUBE 

The tulx^s previously (les(*i'il)ed are diodes, or rectifiers, which 
act merely as A^alvcs and allow current to flow whenever positive 
voltage is applied to the anode. 

3-1. Adding a Grid. — Here we will show how an electron tube 
of the high-vacuum type can be controlled by adding a third 
element, which is called the grid. With thixH^ elements — anode, 
cathode and grid — the tube is classed as a triode. Here we 
s])eak only of the high-vacuum type of triode, called the pliotron. 
The new fundamental to learn is that such a three-element tube 
acts as an amplifier— that is, a signal (a small change of potential 
at the grid) controls a coiisiderabk' flow of current through the 
1ub(^ A larg(‘ amount of amplification (or increase of power) can 
be obtain(‘d by com))ining a number of tubes in such a way that 
('ach tube amp]ifi(^s the out put of t hi' pi’evious tulx'. This feature 
of amplification is basically important in the study of electronics, 
for it is tin' secr(‘t whi'ix'by a radio lou(l-sp<'aker shouts in response 
to the small signal n'ceived from a transmitter hundreds of miles 
away, or it makes it possilde for a lO-h]) motor 
to move a gun turret to follow a signal reflected 
fiom an airplane miles above, in darkness. 

3-2. A Contact Problem. — To demonstrate a 
simple niH'd for using an electron tube, Fig. 3T 
first uses a contact S to close the circuit to a 
small i<'lay, ^^hose coil is then energized by 
l>attery B. Heie S happens to Ix' a tiny contact 
on th(> pointer of a voltmeter (which is moved by 
change's of voltage in some external circuit not 
shown) ; it may close or open the circuit many 
times, but S soon Ix'comes pitted or damaged by the current 
needed to energize the relay coil, even though that current is 
onl}^ jfoo ampe]‘e. To solve this difficulty, the electron tube is 
introduced, 
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3-3. The Electronic Answer. — In Fig. W, we have kept the 
same contact-making voltmeter, and we have kept the same relay 
coil, but between these two devices we have now inserted a 
three-element vacuum tube or amplifier. To make this electron 
tube T work, we must, of course, provide means of heating the 
cathode and we must also provide a power supply to furnish the 
necessary potential at the anode of the tube, so as to force 
the electrons to flow through the tube and through the coil of 
the relay. For simplicity, we have shown these power supplies 
in the form of batteries. T^ooking back to the days of the battery- 
operated radio sets, you may recognize this A battery as the low- 
voltage source for heating the tube cathode, while the B battery 

furnishes perhaps several hundred 
volts for the anode circuit of the 
tube, and the C battoy is for the 
required negative grid voltage. 
Notice that the B battery must be 
positive on the right side, which is 
connected to the tube anode. 

In the symbol for this tube 
shown in Fig. 37?, we have shown 
not only the anode and cathode, 
but we have added a third ele- 
ment, the grid. We have connected this grid to one contact 
of the contact-making voltmeter S. The other contact is shown 
connected to the cathode of the tube. When this voltmeter\s 
conta(;ts close, they connect the grid of the tube directly to the 
cathode of the tube, so that the grid is at the same potential as 
the cathode. In this condition, the tube passes current almost 
as though there were no grid at all. However, when the S con- 
tacts are open, you will see that the grid is not at cathode poten- 
tial, but is at a negative potential, supplied by the C battery. 
With the instmment contacts open, there is no current flowing 
through the high resistance IR (approximately 3 megohms), so 
there is no voltage drop across this resistor. When the grid of 
this tube is made as much as 15 or 20 volts more negative than 
the cathode of the tube, the tube electrons cannot flow from 
cathode to anode, even though the anode may be several hundred 
volts more positive than the cathode. As long as the S contacts 
remain open, this negative voltage at the grid will prevent 


20V. 
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150V. 

S controls 


tube 7\ to pick up the relay. 
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current flow and will thereby prevent the closing of the relay 
contacts. 

However, just as soon as the voltmeter contacts close, the 
grid of the tube is connected directly to the cathode of the tube 
and no longer has a negative potential. It will no longer prevent 
the flow of electrons between the cathode and the anode of the 
tube, so the relay picks up and closes its contact. Notice that 
the amount of current flowing through the voltmeter contacts is 
now only a few millionths of an ampere. This current is so small 
that it will not damage the sensitive instrument contacts and is 
also too small directly to energize the coil of the relay. Yet by 
inserting the electron tube in the circuit and with very small 
current in the contacts, it is easily possible to change the potential 
at the grid of the tube so that the tube can thereby be made to 
allow the flow of an amount of current necessary to energize the 
relay coil. Naturally, we want to study the characteristics ol 
this three-element tube to see how such a 
change of a few volts at the grid of the 
tube is able to control the current flowing 
through the tube and the relay coil. 

3-4. Action of the Grid. — The tube in 
Fig. 3B, having three elements (anode, 
cathode and grid) is called a triodc. To 
help explain the behavior of this tube. Fig. 

3C shows how the anode current changes 
as the grid voltage changes. With zero 
grid potential, this certain tube allows a 
flow of 15 milliamperes. A change of only a few volts at the 
grid causes a large variation in the anode current. Since 
the anode of the tube is more positive than the cathode under 
normal operating conditions, it attracts the emitted electrons 
from the cathode. These electrons traveling to the anode 
become the anode current. To prevent the flow of electrons 
to the anode, the grid of the tube is given a more negative 
potential (bias) than the cathode; we say that the grid voltage 
is negative. This negative voltage repels the electrons in 
the direction opposite to the pulling force of the anode. When 
the repelling action of the grid and the pulling force of the anode 
become equal, or neutralize each other, the electrons are no longer 
urged to move to the anode, so the anode current becomes zero. 



Fig. 3(7. — How tube 
current is changed by 
grid voltage. 
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In Fig. 3(7 we see that the grid voltage must bo lowered to minus 
(--) 10 volts to stop the anode current 

The action oi the grid is similar to that ol a \alve in a water 
pipe. A small amount ol energy, applied to opening and closing 
the valve, controls a much laiger amount ol em^rgy represented 
by the water flov under pressure. 

3-6. Grid Current. — Whenever the grid is moix^ negative than 
the cathode, no curient flows in the grid ciicuit, since no electrons 
are attracted to the grid from the cathode. However, when the 
grid is made positive, there is cuii*ent flowing in the grid circuit; 
under these conditions the grid and the cathode become the two 
elements ol a rectifier and there is a lectified flow of electrons 
from cathode to grid Some elections emitted by the cathode aie 
attracted to a more positive giid in exactly the same way as thes(* 
electrons are attracted across the gieatei spa(*e to a moie positi\e 
anode. 

3-6. Mechanical Arrangement of a Triode.— A sketch of th(‘ 
internal structure ol a triode is shown in Fig 37) The cathode is 



1 IG .37) — Sh IK line and inbol of a liiode tube. 

located near the center of the tube. II the cathode is indirectly 
heated, 2-11 the filament is inside the cathode. Around the 
cathode is a grid, w^hich is usually made of a hne wire or screen 
mesh. The grid and the cathode are surrounded by a metal 
cylinder, called the anode. Notice that the grid is located nearer 
to the cathode than to the anode; the distance belw^ecm the grid 
and the cathode, compared to the distance Indwc^en the grid and 
the anode, has an effect on how much the tube will amplify. 

3-7. Gradual Control of a Tube. — In Fig 3/7, we caused a large 
increase of tube current by closing the (*ontact aS. If we wish 
gradually to increase the current passing through tube 7", w^e us(^ 
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a variable resistance 2/2, or rheostat, in place of contact 8, leaving 
the rest of the circuit unchanged, as shown in Fig. SE. With 
2/2 turned counterclockwise, so all its resistance is in circuit, half 
of the C-battery voltage* appears across 2/2, so the potential of 
grid G is about —10 volts (10 
volts more negative than cath- 
ode K) and tube T passes no 
current. If we now turn 2/2 
clockwise slowly, the potential 
at grid G gradually becomes 
less negative, or rises closer to 
the potential of cathode K; 
this permits more current flow 
through tube Tj until this cur- 
rent becomes great enough to pick up the relay. 

3-8. The Phototube. — To obtain a photoelectric relay, we 
merely substitute a phototube P in place of 2/2, as shown in Fig. 
3G, We recognize the phototube as the “electric eye.^^ The 
type of phototube used in most photoelectric or light relays, is 
merely another form of diode — a two-element tube having a 

cathode and an anode, like any ordi- 
nary rectifier tube. It is shown in Fig. 

The phototube has no filament or 
heated cathode like the tubes already 
mentioned. Instead, its cathode is 
usually a half cylinder of metal whose 
iniw^r surface, when receiving light, is 
able to emit electrons. The energy of 
light rays striking the surface of 
spK'cial alkali metals (such as potas- 
sium, or caesium o.xide deposited on copper or silver) releases elec- 
trons from the metal, in the same way that the energy of heat in 

'J'Jiese resistors IH and 2R are in series and act as a voltage divider 
across the 20- volt C’ battery. The same current flows through IR and 2/2, 
so the voltage across each resistor depends only on the amount of ohms of 
1/2 and 2/2. Wlien the entire 3-megohm resistance of 2/2 is in circuit, the 
voltage across 2/2 is equal to the voltage across 1/2, or 10 volts apiece. If we 
turn 2/2 until its circuit resistance is only 1 megohm, while 1/2 remains 3 
megohms, one-f(^rth of the 20 volts appears across 2/2, three-fourths across 
1/2. If 2/2 is turned entirely clock^vdse, 2/2 has zero resistance, and no 
voltage across it; the entire 20 volts then appears across 1/2. 
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other tubes releases electrons from the cathode. An increase in 
light reaching the inner surface of the phototube’s cathode causes 
an increase in the flow of current or electrons through the tube. 
As in any diode, the phototube current flows only when the anode 
is more positive than the cathode (for the positive anode attracts 
the electrons, which are negative electrical particles). 

3-9. A Light-sensitive Relay. — In the circuit of Fig. 3 (j, the 
wire anode of the phototube is connected to the positive terminal 
of battery C. The battery tries to force electrons through 1/J and 
phototube P. However, as long as no light reaches the phototube 
cathode, the phototube acts like a very high resistance and passes 

almost no current. By grad- 
ually increasing the amount of 
light, we let the phototube 
pass more and more electrons, 
or decrease its amount of 
resistance. In this way, 
phototube P controls tube T 
(in the same way as 2R in 
Fig 3J?); more light shining 
on the phototube causes grid 
G to become less negative, 
and this permits tube T to pass more current 
Notice here that the current in the phototube is not more than 
10 microamperes (0.00001 amp), which is far too small directly to 
energize, or pick up, a sensitive relay. However, by connecting 
• the phototube in the grid circuit of amplifier tube T, this tiny 
current easily controls the amplifier, which in turn passes 0.01 
amperes to energize relay CR, This explains why light-sensitive 
metals, although they were discovered 50 years ago, did not give 
us a photoelectric device operated by light until the amplifier tube 
had been perfected to act as the connecting link. 

The response of the phototube to various colors or amounts of 
light will be described later. For the present, let us realize 
that the phototube current increases in response to an increase in 
total light reaching the sensitive cathode surface. In this way, 
the phototube acts like a variable resistance,* whose ohms 



Fig. - 


-Gi adual control of tube T bj 
phototube P 


* This applies to the usual photoemLssive type of phototube, such as the 
PJ23 or GE923. Other types, known as photocelh, such as those used in 
certain light meters, need not concern us here. 
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decrease as the light increases. If the light changes gradually, 
the phototube current changes gradually, thereby causing a 
gradual change in the anode current of amplifier tube T, 

3-10. Amplification Factor. — The gradual change of anode 
current, caused by gradual change of grid voltage, is shown in 
Fig. 3C; there the anode voltage is constant, at, say, 150 volts. 
To show that a change of anode voltage likewise affects the 
amount of anode current, we must add more performance curves, 
as shown in Fig. 3/f. For this three-element high-vacuum tube 
(pliotron), an increase in anode voltage causes an increase in 
anode current, even if the grid potential is held constant. For 



Img. 'SH . — Current of a tnode is changed h\ anode \ ullage and by grid voltage. 


example. Fig. SH shows that if we hold the grid potential constant 
at —5 volts, the anode current is 4 milliamperes at 150 anode volts, 
(see point A), but rises to 9 milliamperes if the anode voltage is 
increased to 200 volts (point B), Notice that this current can be 
reduced to its original 4-milliamperes value by making the grid 
more negative, lowering its potential to —8 volts (point C), This 
demonstrates that a 50-volt rise in anode or plate voltage can be 
offset by a 4-volt decrease in grid potential. The ratio of these 
voltage changes, 50/4, gives us 12}^, which ratio is called the 
amplification factor for this certain tube. It shows that a 1-volt 
change at the grid is 12}^ times as effective in controlling anode 
current, as a 1 -volt change at the anode. This ratio is commonly 
spoken of as the ^^mu^’ of the tube. 

3-11. Cutoff. — The curves of Fig. SH also show that, when the 
plate or anode voltage is 150 volts, the anode current is cut off or 
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becomes zero if the grid is 10 volts more negative than the cathode 
(see point D ) ; minus 10 is called the cutoff value of grid voltage. 
When the grid is more negative than the cutoff value, no anode 
current can flow; above cutoff, anode current flows. Notice that 
this cutoff value changes; at 100 volts anode, cutoff is —7 volts 
(point E), 

Questions 

True or false/ Explain why. 

1. A phototube is a diode. 

2. In most circuits the amount of anode current of a triode is controlled 
by changing the filament heat. 

3. In Fig. 3J5, the grid voltage is never positive. 

4. In Fig. 3Gj more light at phototube F changes the filament heat of 
tube T. 

6 . In Fig. 3 (t, some of the electrons passing through ]R may also pass 
through tube T. 

6. Starting at point C in Fig. 3//, if the grid voltage is changed to —3 and 
the anode voltage is reduced to 150, the anode current is doubled. 



C^HAPTER 4 


TIME-DELAY ACTION 

Many common electric circuits in industry use time-delay 
devices, whi(;h operate a contact at some definite time after a 
signal is given; there are motor-operated timers and time delays 
produced while air escapes from a bellows. Industrial electronics 
includes great numbers of time delays; there are tube-operated 
time-delay relays; similar time-delay actions are used in most of 
the circuits shown later. Before studying such timing action in a 
tube circuit, let us see how an ordinary contactor may be kept 
energized for some time after the supply switch is opened. 

4-1. Delayed Opening of a Contact. — When we close switch S 
in Fig. 4.4 , we pick up, or energize, contactor CRy so that it closes 



Fig. 4A. — CR drops out wluni S opens. Fig. 4B, — Capacitor C delays the 

drop-out of CR, 

its external contact between points 1 and 2. If the resistance of 
this contactor coil is 1100 ohms, the 110 volts across the coil 
causes a current flow of 0.1 ampere. Suppose that this contactor 
drops out when its coil current is decreased to 0.04 ampere. 
When we open switch S in Fig. 4A, the contactor CR drops out 
very quickly and opens its contact. How can we keep this 
contact closed for a few seconds after switch S opens? 

This same contactor CR is shown again in Fig. 4B, but we have 
added a large capacitor or static condenser C. This capacitor is 
made of thin layers of metal foil separated by paper, as shown in 
Fig. 4C, so that the capacitor can store or hold electricity. When 
switch S closes, CR closes its contact; however, the 110 volts 
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across the coil now also charges capacitor C, When switch 
S is opened, capacitor C is still connected across CR coil; the 
electricity stored in capacitor C forces enough current (0.1 down 
to 0.04 ampere) to flow through the CR coil so that its contact 
does not open immediately. If capacitor C is very large, say, 
1000 to 2000 microfarads, it stores enough electricity to hold CR 


Insu/afion 
'ii 

Mefalfbir 



Present capaabrs 
have two str/ps of 
metal in a roll 
of many turns 


Earlier condensers used 
flat mefa! strips connected 
to two terminals 




Standard symbol 
for a capacitor 


Fig. 4C. — How a capacitor is made. 
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closed for several seconds after S is opened. As will be shown 
later, the length of this time delay depends on the size of capacit or 
C, and depends on the ohms resistance of the contactor coil. 
Let us now use a similar capacitor-resistor time delay in a tube- 
operated circuit. 

4-2. Opening a Contact to Energize a Tube Relay. — You will 
recall that in an earlier circuit. Fig. 35, we closed contact 8 to 

make tube T pick up a relay. If we 
wish to reverse this action, so that we 
open S to cause tube T to pick up a 
relay Z, we merely interchange 15 and 
aS, as shown in Fig. 4D. With S 
closed, the voltage of battery C ap- 
pears across 15, so the grid G is 20 
volts more negative than cathode K] 
tube T passes no current. At the 
instant when S is opened, the C battery is disconnected from 
15; the voltage across 15 instantly disappears and grid G comes 
to the same potential as cathode K] tube T instantly passes 
current and picks up relay Z, 
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Fig. 41). — Tube-T current 
starts as S opens. 


Sec. 4-4] 


TIME-DELAY ACTION 


25 








Tc 


D 


m 


Fig. 4F. — Tube-T current in- 
creases slowly after S opens. 


4-3. A Time-delay Relay. — Suppose that we wish to pick up 
relay Z a short time after S is opened, or make the circuit operate 
as a time-delay relay. This is done merely by adding a capacitor 
1C across resistor 112, as shown in Fig. AE, Here, when S is 
closed, the C-battery voltage appears across IR as before, and 
tube T passes no current. However, notice that 1C is also 
charged by this same 20 volts of battery C and stores some electric 
energy within itself. At the instant S is opened, the C-battery 
voltage is disconnected as before, but the voltage across 112 can- 
not instantly disappear, for capacitor 1C still holds some of its 
energy; for a short time, 1C acts like 
a tiny battery and forces current to 
flow through 112 (in the same direc- 
tion as before), so that there still is a 
voltage across 112, which keeps the 
grid G negative. After several seconds 
delay, 1C will have lost enough of its 
charge so that the voltage across 112 
becomes small enough to permit tube 
T to pass current and pick up relay Z. To produce this time 
delay, capacitor 1C may be less than 1 microfarad, for it 
discharges through the large 2-megohm resistance of 112; com- 
pare this with the 1000 mu f or 2000 mu f capacitor C required in 
Fig. 4^, whei'e the coil resistance of CR is only 1100 ohms. In 
later circuits you will need to know how to estimate the length of 
time delay of such a resistor-capacitor (12C) combination. 

4-4. Speed of Capacitor Discharge. — When a capacitor is 
charged (either from d.c. or a.c.), it holds its voltage for some 
time. When the voltage supply to the capacitor is removed or 
shut off, the capacitor is left holding a definite amount of elec- 
tricity, which it will try to get rid of through any path or circuit 
that it can find. If a big piece of metal is touched across the two 
capacitor terminals, the capacitor discharges instantly, usually 
causing a spark because of the sudden flow of discharge current 
through such a small amount of resistance. If a circuit of higher 
resistance (such as the 1100-ohm coil of Fig. AB) is placed across 
the capacitor terminals, the capacitor will lose its voltage or 
charge more slowly, and the discharge current will be less. If a 
still higher resistance (like the 2-megohm resistor 1/2 in Fig. 4D) 
is connected across the terminals, the capacitor may discharge so 
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slowly that several seconds or minutes may pass by before the 
capacitor voltage is nearly gone. We see that a capacitor may be 
discharged quickly or slowly, but this depends upon the resistance 
of the circuit across the capacitor terminals. 

4-6. The RC Time Constant. The rate of capacitor discharge 
may be fast at first, but it always becomes slower as the capacitor 
charge or voltage decreases. As shown in Fig. 4F, the capacitor 
voltage may decrease to about one-third of its full pressure in 5 
seconds, yet 10 seconds later there is still some voltage left. If 
the size of the capacitor is known (in microfarads) and also the 
resistance (in megohms, which equal ohms/1,000,000), then the 



Seconds 

Fig. 4F. — Capacitor disrhaiKos rapidly at fiist, more slowly later. 

length of time required for the capacitor voltage to decrease to 
approximately one-third of its starting value is shown by this 
relation; 

Time (seconds) = resistor (megohms) X capacitor (microfarads). 

For example, a 1-mu f* capacitor, discharging through 
5,000,000 ohms (5 megohms) requires about 5 seconds to dis- 
charge to one-third of the voltage it had at the start. Similarly 
a 20-mu f capacitor with a 250,000-ohm resistor has this same 
rate of discharge. 

This length of time, obtained by multiplying together R 
(resistance) and C (capacitance), we call the RC constant, or the 
time constant^ of this resistor-capacitor combination. This time 
constant shows how long the capacitor voltage remains above 

* Microfarad may be shown as mu f or mfd. 

t This time constant, equal to RC, must not be confused with the length 
of actual time-delay of the circuit. Some circuits arc designed to prevent a 
desired action until after a time delay equal to three times RC or even five 
times RC. 
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one-third its starting value. As shown in Fig. AG, the remaining 
capacitor voltage is exactly 0.368 times* the original voltage, 
after the passage of time equal to RC ; here the capacitor has lost 
63.2 per cent of its charge. When time equal to SRC has passed, 
the remaining voltage is 5 per cent, or 0.05 of its starting value. 

Let us see how the information in Fig. 4G helps us under- 
stand a practical time-delay circuit. 



4-6. Time-delay Action in an Airplane. — Suppose that a pilot 
wishes to open an electric circuit and have it reclose automatically 
after a certain time delay. Figure 4i/ shows a circuit foi* this 
purpose, to operate from the 24-volt d-c power supply of the plane. 
When the pilot mov(‘s switch jS Irom its upper position (as shown) 
to its lower position, the contact circuit between points 1 and 2 
must open, then reclose after a number of seconds. From Fig. 
AH, can we find this number of seconds^ time delay? We can, if 
we are told that tube 1 passes enough current to pick up CR when- 
ever the tube’s grid is no more negative than —2 volts; w^e also 
assume that the tube’s grid at point 7 is at the same potential as 
its cathode, w’henever switch S is in the upper position. 

With switch S in the upper position (as shown in Fig. AH), 
electrons flow from cathode 5 to grid 7, through resistor SR and 

* This value 0.368 comes from the natural-rate-of-diseharge curve. The 
study of electrical engineering tells us that this exponential curve is expressed 
by the formula Ee *= Eo{t volts. When time t is made equal to RC, 
then Ec = /?o(e“b = ^^«/2.718 = O.S6SE„. 
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switch Sj to the + 24-volt potential at point 3. A voltage drop 
of 24 volts appears across resistor 3R and keeps capacitor 2C 
charged to this same voltage; the capacitor terminal at point 7 is 
24 volts more negative than the 6 terminal. The tube grid 7 is 



Fig. ah . — Lowering S opens the CR contact, which recloses after a time delay. 


at the same potential as cathode 5, so the tube passes anode 
current, which energizes relay C/2, keeping contact l-to-2 closed. 
These conditions are shown at the left side of Fig. 4/. 

When S is moved to its lower position, this connects point 6 
to a new potential at point 4, as shown at A in Fig. 41. (From 



Fig. 47. — Changes of potential in circuit of Fig. AH. 

the voltage divider 1/2 and 2/2, we see that point 4 is at -|-2 volts, 
or 2 volts more positive than cathode 5. Resistor 2/2 is 20,000 
ohms; 2/2 and 1/2 total 240,000 ohms. Voltage drop across 
2/2 = 20,000/240,000 X 24 volts = 2 volts.) 
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When the potential of point 6 is suddenly lowered by the move- 
ment of switch aS, capacitor 2C holds its entire charge of 24 volts 
for a short time; the capacitor terminal 7 must still be 24 volts 
more negative than its terminal 6, so the grid potential at 7 is 
forced down to B in Fig. 4/, which is 24 volts below point 4, or 
22 volts below cathode 5. This negative grid voltage turns off 
the anode current of tube 1 and opens the l-to-2 contact. At this 
same instant the time-delay action begins. 

With switch S in the lower position, 2C is disconnected from the 
+ 24-volt supply, and begins to discharge through its own 
resistor 3/?. We calculate the time constant of ZR and 2C as 
2 megohms X 4 mu f = 8 seconds. After this 8-second delay, 
the voltage across capacitor 2C is still 0.368 X 24 volts = 8.85 
volts; as shown at C in Fig. 4/, tube 1 has not yet picked up CR. 
The voltage across 2C must decrease further until it reaches point 
Z), where the grid potential is —2 volts, with 4 volts across capac- 
itor 2C ; here the anode current of tube 1 is large enough to pick up 
CRj reclosing the l-to-2 contact. At this point D, capacitor 2C 
has discharged to 4 volts/24 volts = 0.167 times its starting value. 
Figure 4G now shows us (at point F) that this occurs after a 
time delay equal to \.SRC or 1.8 X 8 sec. The time delay is 
14,4 sec. 


Questions 

True or false? Explain why. 

1. In Fig. 4^, if IR is 2 megohms and 1C ib 3 microfarads, the time delay 
of the circuit is 6 seconds. 

2. In Fig. 4£7, battery B may charge 1C, by electrons flowing through 
tube T. 

3. In Fig. 4iEf if IR burns open, the time delay increases. 

4. In Fig. 4C, the shape of the curve changes if the capacitor has been 
charged to double voltage. 

6. In Fig. 4//, if 2C and dR are changed to 0.5 mu f and 8 meg, the time 
delay becomes about 7 sec. 
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Pause a moment to realize that the circuits of Figs. 3B, SE', 
3F, 4D and 4E are exactly alike except for small changes in the 
grid circuit of tube T, Yet by these small changes we obtain 
first a ^'contact-amplifier/^ then a photo relay, and finally a time- 
delay relay. Of course, all these circuits operate from d-c power 
supplied by batteries. For commercial relays, we more often 
need to use a-c instead of d-c supply; when we convert any one of 

these circuits for a-c operation, we 
shall see that the same changes are 
I—) I — ' necessary. 

“S Substitution of A-c Power 

~ ^ Supply — If we substitute a-c 

V f^upply to the photo relay of Fig. 

3 * 5v iSOv.'*' 2 3f?, the result in Fig. 5A shows 

C nnA/wvw\ B that we have merelv used a trans- 

form.,, whose three eeeondar.v 
a.c. windings A, B and C have replaced 

Fig. 5i4. — Photoelectric reia.\ the three batteries. The 5 volts 

with a-o power supply. winding A heat the 

filament just as effectively as the 5-volt A battery. However, 
although winding B furnishes a complete a-c wave of voltage (so 
that point 2 is alternately moi*e posith^ and more negative than 
point 1, as shown in Fig. 5R), winding B can force current 
through relay coil Z and tube T only during those half waves 
(such as M) when 2 is more positive than 1. During other half 
waves, such as N in Fig. 5i?, the rectifying action of tube T pre- 
vents electron flow between its cathode and its anode. 

6-2. Capacitor across Relay Coil. — This relay coil Z, in series 
with tube T, is energized by only half waves of the a-c supply; 
the relay may chatter unless some device is placed in the circuit to 
help, such as by adding 2C in Fig. 5A. Capacitor 2C charges to 
the voltage across relay coil Z while tube T is passing current, 
then 2C discharges during the next half cycle, maiutaiuing partial 
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r— 60 cycle 
a.c. 

Fig. 5i4. — Photoelectric rela> 
with a-c power supply. 
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voltage across Z, as shown in Fig. 5J5. Here you recognize the 
shape of the dotted line R-S as explained in Sec. 4-5; notice that 
the voltage across capacitor 2C decreases to about one-third in a 
half cycle of time;* it is recharged during the portion S-T of the 
next half wave.^”® 

6-3. An A-c Photoelectric Relay.— This photo-relay circuit in 
Fig. hA shows that, whenever a tube is used in an a-c circuit, we 
must (‘he(*k to see what happens during eac*h half wave separately. 
So, in studying the grid circuit of tube T (whose voltage is 
supplied by transformer wind- 
ing C in Fig. 5A)j let us first 
watch that half wave when 
windings B and C have the 
polarity shown (which is also 
the half cycle marked M in 
Fig. 5B). If phototube P is 
dark and passes no current, 
no current flows through 1/^, 
and grid G is at the same 
potential as point 3; since 
point 3 is much more negative 
than K (cathode), tube T 
passes no current, even though its anode is positive during this 
half cycle. However, if light shines on phototube P, electrons 
flow through P and IP; the resistance of phototube P decreases, 
so that most of the voltage of winding C now appears across IP. 
The grid G (forgetting 3P) is brought so near to the same 
potential as cathode K that tube T now passes current during 
t,his half cycle 71/, and picks up relay Z. 

6-4. The Use of Grid Current in A-c Circuits. — Is there any 
current flowing through 3P and the grid of tube P, in the circuit 
of Fig. 5A ? During half cycle M (Fig. 5B) the grid G is always 
more negative than cathode X, so no electrons pass from cathode 
to grid or through 3P. However, during half cycle N the voltage 
of winding C forces a tiny electron flow from Ky from cathode to 
grid of tube P, through 3P and IP to point 3. (3P is a protective 

resistor to limit the amount of grid current to a safe value.) No 

* From this we know that the time constant of 2C, together with the 
resistance of coil Z, is about 1/120 or 0.008 seconds. If coil Z is 4000 ohms, 
capacitor 2C must be 2 mu f to produce this result. 



; Grid potenficil 6 
} when phototube P 
passes current 

Grid potential G when 
phototube IS dark 

1 K,. Voltage waveshapes in circuit 

of Fig. 5-4. 


Point 3 
Point 2 
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electrons can pass upward through phototube P, for this tube also 
acts as a rectifier and prevents the passage of electrons, anode to 
cathode, even when illuminated. Notice that grid electrons can 
flow (from cathode to grid of tube T) during half cycle N, but 
cannot flow during half cycle ikf, for electrons never can flow from 
grid to cathode. Many a-c circuits make use of this feature, 
which is called grid rectification. 

In the photo relay of Fig. 5^, a capacitor 1C is often used in 
place of IP, and becomes charged by the flow of grid current 
during half cycle N, Its charge holds the grid G very negative 
during M ; however, if light reaches phototube P, P passes enough 
electrons during M to discharge 1C and bring the potential of 
grid G close to K, letting tube T pick up relay Z. 

We come to another circuit in which we must trace the action 
during each half cycle separately, before we see the combined 
result. 

6-6. The Precipitron, or Air Cleaner. — Dust or smoke particles 
may be removed from air by the use of direct current at high 


+13,000 +6000 

I volts I volfe 



Fig. 5C. — Arrangement of a Precipitron air cleaner. 


voltages. This high-voltage d.c. is connected to metal plates 
mounted in an air passage, as shown in Fig. 5C. As the air 
flows past the ionizer plates or wires A , any floating dust or solid 
matter becomes charged by the high-potential electric field 
around the 13,000-volt plates — each tiny particle of dust or 
smoke gathers a bit of this positive electricity. As the air then 
flows between the sets of plates in the collector, the dust particles 
(now positively charged) are repelled by the positive 6000-volt 
plates B but are attracted to the grounded plates C, which have 
the most negative potential in the system. The particles collect 
on plates C, from which the dirt is washed at intervals. 

Similarly, articles placed at C may be coated with paint spray, 
sand or other fine particles blown into the air stream. 
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The required high-voltage potentials may be produced by tubes 
operating in a special rectifier circuit,* sometimes called a voltage 
doubler. As is shown in Fig. 5Z>, transformer T supplies a high 
a-c voltage, which is rectified by tubes A and B so as to charge 
capacitors 1C and 2C; across 2C is a voltage of 6 kilovolts 
(6 kv = 6000 volts), while 7 kv appears across 1C, so that the 
total voltage between points 4 and 6 is 13 kv. Let us trace the 
circuit during each half cycle separately. 

Beginning with the half cycle (shown as P in Fig. bE) when 
transformer T terminal 1 is most 
positive, electrons flow from ter- 
minal 3, through R to point 5, 
charge capacitor 1C and return 
through tube A to point 1. A 
half cycle later (during N in Fig. 

5E) , when terminal 1 is most 
negative, electrons flow from trans- 
former tap 2, through tube B to 
grounded point 6, charge capaci- to ionizer teBplotes 

tor 2C and return through R to 5 i>.— Precipitron circuit, a 

• 1 « /T-» • 1 voltage doubler. 

terminal 3. {R limits the current 

if the capacitors or plates should become short-circuited.) We 
see that the entire transformer ending l-to-3 produces 7000 
volts, across capacitor 1C; the portion 2-3 produces 6000 volts, 
across 2C. Capacitors 1C and 2C are large enough to furnish 
power to the ionizer and collector plates without losing much of 
their voltage between charges. 

6-6. Charging a Capacitor during a Half Cycle. — When a 
capacitor is connected to an a-c voltage, the voltage across the 
capacitor reverses during each cycle. When this capacitor is in 
series with an electron tube or any other rectifier, the capacitor 
is charged by current flowing in one direction only, during one 
half cycle. This is shown above, where capacitor 1C in Fig. 5Z> 
is charged by current through tube A. During the other half 
cycle, tube A passes no current, so the tube disconnects the 
capacitor from the a-c supply; capacitor 1C is left holding its 
charge of 7000 volts. Notice in Fig. 5E that this 7000-volt 

* This complete combination of tubes, transformer and capacitors, 
designed to change low-voltage a.c. into high-voltage d.c., is called a power 
pack. 
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charge is produced by the maximum voltage during the tip, or 
crest, of the voltage wave. This voltage (7000 v. crest) corres- 
ponds to 4950 volts rms.* If we forget the voltage drop across 



Fig. bE . — Voltages in circuit of Fig. 5/). 


the tubes and across R in Fig. 5D, then the transformer winding 
l-to-3 must produce 4950 volts a.c. (as indicated ])y a voltmeter) ; 
for an instant during each half cycle, this voltage is as high as 

7000 volts. Similarly, the por- 
tion of transformer winding 2-to-3 
may produce only 4240 volts a.c., 
and yet be able to charge capac- 
itor 2C to 6000 volts. 

In Fig. bE, the shaded portions 
show the parts of the cycle when 
current flows in tube A or tube 
to n^charge the capacitors to the 
crest voltage. J hiring ot her parts 
of the cycle, the voltage supplied 
through a tube is less than the? 
voltage of the capacitor; tube current will not flow. Only the 
rectifying action of the tubes prevents this high capaedtor voltage 
from discharging into the lowei* voltage of the a-c line. 

6-7. The Voltage Doubler. — While it is shown in a special 
form in Fig. 5D, the voltage-doubler circuit more frecpiently uses 

* In an a-c circuit, the rapid changes of voltage or current arc shown by 
a curve called a sine wave. Because of the sliapc of this a-c sine wave, 
shown in Fig. 5F, more than 220 volts is needed at the top of the wave in 
order to get the same effect as with a straight line of 220 volts d.c. A volt- 
meter shows 220 volts on its scale when it is connected to a circuit that has 
312 volts (or \/2 X 220 volts) at the top of the w’avc. Therefore, in a 
220-volt a-c circuit, the voltage is as high as 312 volts for an instant during 
each half cycle. If 220 volts a.c. is connected across a capacitor, the capaci- 
tor can charge up to 312 volts. The 220 volts a.c. is called the effective 
voltage^ or rms voltage^ of the circuit, in which 312 volts is the crest voltage. 


312 volts crest 



This IS the size 
of voltage wave 
at 220 volts a. c 


312 volts — 

Fig. 6F. — Sine wave of a-c voltage. 
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the same transformer voltage for each half cycle, in an arrange- 
ment shown in Fig. 50. Here the a-c output of winding T forces 
current through tube A to charge capacitor 1C during one half 
cycle; during the following half cycle, the entire voltage of T is 
again used to charge 2C, by forcing current through tube B, The 




Tkj. bG . — Common voltage-doubler Ik.. bH . — Batteries used, to show 
ciieuit. action in Fig. bO. 

total d-c output voltage is twice as great as the crest value of the 
a-c voltage supplied by transformer T. 

The action of this circuit is more easily seen if we substitute' 
batteries in place of the capacitors, as in Fig. 5H. First, one 
battery is being charged and then the other battery is being 
charged; each battery receives current only half of the time, yet 
the tw"o batteries provide a 
steady output current to the 
load, at double the voltage used 
to charge each battery separately. 

6-8. An A-c Time -delay 
Relay.— Previously, in Fig. 4£', 
we watched a time-delay relay 
operating from batteries. To 
convert this d-c relay for opera- 
tion from a.c., w^e replace the 
batteries w ith a transformer, as 
shown in Fig. 5/. Capacitor 
2C is added as before, across 
coil Z] the connection to IR and 1C is moved, and 2R is 
added. With switch S closed, during half cycle M (of Fig. 
5B) the voltage of winding C forces electrons to flow only 
from point 3 through switch S and 2/2. During half cycle 
iV, this flow is through 2R in the opposite direction; electrons 
also flow from K through tube T (cathode to grid) and through IR 
and S to point 3. Most of the voltage of winding C, therefore, 
appears across IR and charges 1C to this same voltage. During 
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Fig. bl. — A-c time-delay lelay or 
contact amplifier (CR7511). 
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the next half cycle, when ^'grid rectification''® ** prevents current 
flow through IR in the reverse direction, 1C loses a very small 
part of its charge by forcing electrons to flow through 1/^ (from 
G toward point 4). As long as S is closed, the voltage across 1/i 
alone can keep grid G so negative that tube T passes no current. 

In Fig. 5/, when S is opened, current through 2R stops 
instantly, and point 4 is at the same potential as cathode K, 
Voltage still remains across 1-R while 1C gradually discharges 
through IR; this voltage across 12^ keeps grid G more negative 
than K, After the desired time delay (determined by the size 
of 1/2 and 1C), the voltage across IR has become so small that 
grid G is near the same potential as cathode A", and tube T passes 
enough current to pick up relay Z. When S is reclosed, relay Z 
drops out instantly. (If a larger capacitor is substituted for 
2C, its stored energy may be sufficient to keep relay Z energized 
for many cycles after tube T stops passing current^"^) 

6-9. An A-c Contact Amplifier. — While the circuit of Fig. 5/ 
gives time-delay operation, it is more often used as a contact 
amplifier — the a-c equivalent of Fig. 4Z). If 1/2 and 1C are made 
small, the voltage across 1/2 disappears quickly; the opening of 
switch S causes almost instantaneous pickup of relay Z. 

This circuit is used in an electronic relay available to industry. 
It operates on the amount of current that may flow through a wet 
thread or through any resistance less than 500,000 ohms. This 
electronic relay responds to a flow of current that is far too small 
to operate an ordinary magnetic relay. 

Questions 

True or false/ Explain why, 

1. A half cycle of 60-cycle a c. is nearly the same as a direct current that 
flows for K 20 sec. 

2. In Fig 5A, phototube P may pass currc*nt duimg those half cycles 
when the anode of tube T is negative. 

3. In Fig. 5D, both capacitors are charged by electrons flowing through 
tube B. 

4. When a 115-volt a-c motor is running, more than 150 volts is applied 
to it many times each second. 

6. A capacitor charges to the same voltage if connected to either 115 volts 
d.c. or 115 volts a.c. 

6. Suppose that transformer T produces 115 volts a.c. in Fig. 5G, Neg- 
lecting voltage drop across the tubes, the d-c output is close to (a) 1 15 volts, 
(6) 300 volts, (c) 230 volts, or (d) 1 50 volts. 



CHAPTER 6 


THE A-C TIME-DELAY RELAY 

Several types of simple electronic time-delay circuit have 
already been described; let us study other a-c time-delay relays 
frequently used in industry. 

6-1. A General-purpose Timer (General Electric* Type 
CR7604). — Figure 6 A shows the circuit of a time-delay relay that 
is manufactured for general-purpose use in industry; it includes a 
dial IP, which is turned for selecting the length of time delay. 
The circuit starts its time-delay action at the instant switch S is 
closed; at the end of the desired time delay, tube 1 picks up relay 
CRy whose contacts may be connected to close some other circuit 
or to open that circuit, if preferred. 

In Fig. QA the power supply is 115 volts, 60 cycles a.c., and 
the autotransformer (at left) increases this to 230 volts for use 
in the circuit of tube 1. A separate transformer winding A sup- 
plies the low voltage for heating the filament of tube 1. Notice 
here that tube 1 has a separate cathode (connected to point 4), 
which is indirectly heated; there is no electrical connection 
between the filament and the cathode; the red-hot filament heats 
the cathode so that the electrons flow through tube 1 from its 
heated cathode to the anode. 

The electrons that pick up, or energize, relay CR must flow 
from point 5, through switch aS, tube 1 and CR to point 6. There- 
fore, the closing of /S makes it possible for tube 1 to pass current, 
but not until the grid of tube 1 reaches a potential that permits 
this current to flow; we shall see that the grid potential of tube 1 
prevents the flow of this current until the end of the desired 
time delay. Reopening S drops out CR and resets the circuit for 
the next time-delay operation. 

While S is open, the grid circuit of tube 1 is in action. During 
those half cycles when point 6 is more positive than point 5, 

* In this book, all type numbers refer to units made by the General 
Electric Company, unless stated otherwise. 
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current can flow only through IP and 3i2; no current flows 
through IP or tube 1. However, during each half cycle when 5 
is more positive than 6 (and S is still open), electrons flow from 
6 through 2R to point 4, from cathode to grid of tube 1, through 
IP to the slider of IP, to 5. 


6 



6-2. Circuit Action during a Long Time Delay. — First turn 
IP so that its slider touches at point 5; the entiie voltage between 
5 and 6 (230 volts) now forces electrons through the 2P-cathode- 
grid-lP circuit. Since the 3-megohm resistance of IP is so much 
greater than any other resistance in this circuit, as much as 200 
volts appears across IP, and capacitor 1C becomes charged Iry 



this voltage. Here 200 volts is the effective®'® (or rms) value of 
this a-c voltage wave, but capacitor 1C charges to the crest value 
(\/2 X 200), or about 280 volts. During the next half cycle, 
the grid rectification®"'^ of tube 1 prevents any reverse flow of 
current; 1C loses only a very small part of its voltage by dis- 
charging through IP (for the time constant^ ® IP X 1C = 0.3 
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second). So, as long as switch S remains open, about 280 volts 
is steadily maintained across 1/?, so that the point-7 end of IR is 
280 volts more negative than the point-8 end. 

When switch S closes, connecting cathode 4 to point 5 and 
by-passing the cathode-grid circuit, capacitor 1C receives no 
further charge; 1C now continues to discharge through li?, so the 
grid potential becomes less negative, or rises as is shown in Fig. 
6J5. After about a 1-second delay (which is the longest time 


0 


S, closed 


^ Relay ICR 
operates . 

Jtmedefa^ 

4 cycles t 


i> 11 ll ■ 

1 


Tube current 


Gr/d 



Ii&. bC". — \ction in I ig 0^4, j>ct for shoit time delay. 


delay for which this certain relay may be set), the grid potential 
becomes so close to the cathode potential that tube 1 begins to 
pass current, which quickly increases to the amount required for 
the pickup of relay CR. 

6-3. Circuit Action during Shorter Time Delay. — Now turn 
IP so that its slider touches at point 9; only the voltage betw^een 
9* and 6 (about 130 volts) now forces electrons through the 2/?- 
cathode-grid-li2 circuit. About 115 volts is applied across 112, 
so that 1C charges to the crest value (\/2 X 115), or about 160 
volts, as shown at H in Fig. 6C. So point 7 is being kept 160 
volts more negative than point 8. ' 
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When switch S closes, the grid of tube 1 is held negative by 
the charge of 1C as before; in addition, the a-c voltage across 
potentiometer IP also influences the grid potential. Figure 6C 
shows how the grid voltage changes after S closes. Notice that 
the 140-volt crest of the a-c voltage across IP is still less than the 
160-volt charge on 1C, so the grid of tube 1 is 20 volts negative. 
After a time delay of only four cycles, or 1/15 sec, the decrease of 
IC voltage has raised the grid potential so close to the cathode 
that tube 1 passes current and picks up relay CP. 



Fig. 6/). — Action in Fip;. OA, .set for medium time delay. 


Obviously, if IP is set at a middle position, the resulting time 
delay will be about halfway between the longest value (Fig. 6P) 
and the shortest value (Fig. 6C). Figure 6D shows such a 
condition. 

6-4. A Tube-circuit Problem. — At this point you may wish 
to see if you can solve a tube-operated circuit by yourself. Fig- 
ure 6E is the elementary diagram of a weld timer, as given on the 
manufacturer's information sheet. The following questions 
may guide you. (a) Before closing the starting switch, is voltage 
present across either tube, anode to cathode? (6) If grid current 
can flow in tube 1, what does it do? (c) Is there any voltage that 
makes the tube-2 grid more positive or more negative than its 
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cathode? (d) When the starting switch closes, which tube 
instantly passes anode current? {e) Can anode current flow in 
tube 1 and also in tube 2 during the same half cycle? (/) How 
do 2R and 2C respond to the flow of anode current in tube 1 ? {g) 

How can 2C affect tube 2? The solution of Fig. QE is given in 
Sec. 6-8. 



6-6. Time-delay Circuit (Weltronic Model 63). — The circuit 
of Fig. 6F produces the same timing operation as the relay of Sec. 

6- 1. When you close the starting contact, relay CR closes its 
contact sometime later, after the desired time delay. 

Figure 6F includes tube 2, three separate transformers, relay 
CR and a variable group of capacitors 3C. These capacitors, 
with their discharge resistor 3/? and tap svdtch, are mounted 
together in one can. Notice that tube 2 is in a circuit, 2-to-3 and 

7- to-9, which does not touch or connect to the power-supply 
circuit 5-to-6. The only way that electricity enters the tube 
circuit is through one of the transformers. Transformer 3T 
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furnishes the anode voltage necessary to force current through 
tube 2 and relay coil CR ; in the grid circuit of tube 2, transformers 
4:T and 5T furnish 100 volts between points 7 and 8, and 100 
volts between 8 and 9. 

While the starting contact is open, 5T is the only transformer 
connected across the 115-volt supply; there is no voltage l-to-3 in 
the anode circuit, and no voltage produced by 47" between 8 and 
9. The 100-volt pressure from 57" forces a small flow of electrons 
through 3R into ground,* and from the other grounded connec- 



Fi«. QF . — Circuit of a Weltrouic tinie-dclu> unit. 


tion 2 through tube 2, cathode to grid, and through 47" to terminal 
8 of 57". Almost all of this 100 volts a.c. appears across SR and 
charges capacitor 36" to the crest of this voltage wave, or about 
130 volts (see Sec. 5-6, footnote). During the next half cycle, 
grid rectification®'^ prevents 57" from reversing the direction of 
electron flow in this grid circuit, so SC keeps point 7 moio negative 
than cathode 2. 

When the starting contact is closed, transformer 37" produces 
anode voltage that tries to force current through tube 2. How- 
ever, the 130-volt charge on SC keeps the grid of tube 2 
negative and prevents passage of anode current. 

6-6. Voltages Out of Phase. — Closing the starting contact in 
Fig. 6F also energizes transformer 47", whose secondary winding 
now produces 100 volts. This 100 volts of 47" does not add to the 
100 volts of 57", for the primary winding of 47" is connected out of 

* Wherever two parts of a circuit are both shown connected to ground 
(symbol 4 ), these two parts are really connected together. 
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Fia. QG . — Transformer voltages out of 
phase, or bucking. 


phase with 67", as shown in Fig. GG, The 100-volt a-c wave of 47" 
exactly opposes or bucks’" the 100-volt wave of 57"; a voltmeter 
still measures 100 volts across 47" alone or across 57" alone, but 
measures zero or no voltage across the two secondaries in series, 
or between points 7 and 9. — ^ ^ ^ ^ ^ 

Since the total voltage be- j ^ ^ I j 

tween 7 and 9 is now zero, | ^ ' 

capacitor 3C does not receive I Ovolls 

any fresh charge; instead, 3C • ^ ; 1 

starts to discharge through j ! 

3/?. When the charge on SC , J 6^ ^ i l\ 

decreases to a low enough Fia. OG. — Transformer voltages out of 
value, the grid potential of phase, or buckin*. 

tube 2 becomes close enough to the tube’s cathode potential to 
let tube 2 pass current to pick up relay CR, The time delay of 
this circuit depends on the time needed for SC to discharge 
through SR. To change the time delay, SR remains unchanged 
but the size of SC is changed in 10 steps; SC consists of 10 small 
capacitors, with a dial switch to connect any number of them 

in circuit. 

^ Tube Current Shutoff after 

IL 0^ i ^ Time Delay. — In most of the 
p time-delay circuits we have 

! studied, a tube is kept from pass- 
im \."p7y anode current until after the 

1 -^ “l desired time delay. In contrast, 

5C7n i Fig. 6H shows a circuit in which, 

i after contact A opens, tube 6 con- 

, ^ 1. — 4— tinues to pass anode current ; after 

I the desired time delay, tube 6 

^ stops its current flow and relay TR 

iiQ. e/f.—Tni^-ddav di op-out (j^ops out. This circuit appears as 

part of Fig. 23 B, discussed later. 
In Fig. 6Hy the current through tube 6 and the coil of TR is 
supplied from the transformer winding (points 3 to 18). The 
grid of tube 6 is connected, through 12/2, 14/2 and contact A, to 
point 2. Since 2 is more positive than 3 (cathode), tube 6 is 
permitted to pass anode current. Also, there is a small flow of 
electrons from 3, through tube 6 (cathode to grid), through 12/2 
and 14/2, to point 2. For a moment forget the T transformer 


QH . — Ti me-del a v 
of TH relaj . 


di op-out 
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winding (or assume that points 15 and 3 are connected together) ; 
notice that capacitor 5C is now charged to the voltage between 
points 16 and 3, and the upper end of 5C is much more positive. 

When contact A opens, this disconnects 14/2 from point 2. 
Although this action disconnects the tube-6 grid from the positive 
potential of point 2, there is no immediate effect on tube 6, for 
5C still holds its charge, keeping point 16 more positive than 3. 
However, during the desired time-delay period, 5(7 gradually 
discharges by forcing electrons to flow through the cathode-to- 
grid circuit of tube 6 and through 12/2. As a result, the potential 



of tube-6 grid becomes less positive and gradually decreases the 
flow of anode current in tube 6 and the coil of TR^ approaching 
the point where TR finally drops out. 

Even if 5C discharges completely, the grid of tube 6 reaches 
the same potential as the cathode 3 but cannot become more 
negative than 3 (as long as we forget the transformer winding T), 
We need to force the tube-6 grid still more negative so as to 
completely stop the anode current of tube 6 and drop out TR 
more definitely after the desired time delay. To do this, we 
include transformer winding T in series with capacitor 5C; a 
small a-c wave appears in the tube-6 grid voltage, as is shown 
in Kg. 61. After 5C has discharged to a small voltage, shown as 
X in Fig. 6/, the voltage of T forces 5(7 to discharge completely 
and to recharge in the opposite direction, as follows. During 
the half cycle F, when point 15 is more positive than point 3, 
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this T voltage forces electrons to flow from point 3, through the 
cathode-grid circuit of tube 6, and through 12i2 into capacitor 
5C, and back to point 15. This charges 5C so that point 16 
becomes more negative than 3. During the following half cycle 
Z (when 15 is more negative than 3) electrons cannot flow in the 
reverse direction through the cathode-grid circuit, so 5C retains 
its charge and continues to hold point 16 (and tube-6 grid) much 
more negative than 3. Tube 6 now passes no anode current; 
TR drops out. 

We can increase this time delay, before TR drops out, by 
turning 12/2 clockwise to increase its resistance. Since 5C must 
now discharge through this increased resistance, the discharge is 
slower, keeping tube-6 grid positive for a longer time. 

6-8. Solution to Problem of Sec. 6-4. — Before the starting 
circuit is closed, no current can flow through either tube anode 
or through 2/2 or C/2; therefore the C/2 contact is open. Mean- 
while, in the grid circuit of tube 1, capacitor IC has become 
charged by electrons flowing from point 9 through 6/2, from cath- 
ode 6 to grid 14, through 1/^, 2P and IP to point 5; we see that 
this tube-l circuit is a time-delay relay like Fig. 6.4, and the 
voltage across 1C keeps grid 14 more negative than point 5. 
Also, since there is no current flowing through 2/2, there is no 
voltage or charge on 2C, and grid 18 of tube 2 is at the same poten- 
tial as its cathode 9. When the starting switch closes, tube 2 has 
no grid bias;* electrons flow instantly from 9 through tube 2 and 
C/2 to 6, and relay 672 closes its contact. However, although full 
anode voltage now appears across tube 1, the charge on 1C holds 
the grid 14 so negative that tube 1 passes no current. After the 
desired time delay set by 2P, electrons flow from 6 through tube 1, 
7/2 and 2/2 to 9. This flow through 2/2 produces a voltage that 
charges 2C so that 17 is perhaps 70 volts more negative than 9; 
this voltage across 2C does not become less than 20 or 30 volts 
during the half cycle when tube 1 passes no current (for the time 
constant of 2/2 and 2C is 0.01 sec, or cycle). This voltage 
across 2C holds grid 18 so negative that tube 2 no longer passes 
anode current. Therefore, when tube 1 passes current, the 
resulting voltage across 2C prevents further flow through tube 2; 
C/2 drops out, opening the C/2 contact. 

* A grid bias is a voltage, usually d.c., whieh keeps a tube from passing 
anode current; a “tum-on” signal may overcome this bias. 
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Notice that anode current flows in tube 1 only when 9 is more 
positive than 6; anode current flows through tube 2 only when 9 is 
more negative than 6. The voltage across 2Ii caused by tube 1 is 
stored in 2C and a half cycle later is used to control tube 2. 

Questions 

1 . If a rehistor bums open in Fig. 6A, and this (h^creases the time delay, 
which resistor is open ? 

2 . In Fig. 6Fj when does tube 2 have the largest grid voltage? (a) 
Before the starting contact closes, (b) After CR picks up. 

True or false? Explain why. 

3 . When switch S closes in Fig. 6A, the current flowing in ]R reverses 
direction. 

4 . Grid current flows whenever anode current flows 

6 . Alternating voltages and direct voltages both may app(‘*Mr in the same 
grid circuit. 

6. In Fig. 6A, when anode current flows in tube 1, part of this current 
may flow in 1/2 also. 

7 . In Fig. 6£', both tubes may pass current at the same instant. 
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KINDS OF HIGH-VACUUM TUBE 

In the preceding chapters we have used certain high-vacuum 
tubes in circuits to show how the diode acts as a rectifier, and 
how the triode®"^ can be controlled by its grid. Industrial 
electronic circuits often use tubes having two or three grids, 
and called tetrodes^ pentodes or beam power tubes. Such tubes 
work much like triodes, in that one grid controls the amount 
of anode current; the extra grids merely give the tube better 
performance. To learn the reason for these extra grids, let us 
first get a better picture of the flow of electricity within a simple 
diode and triode. * 

7-1. Electric Flow in a High-vacuutti Rectifier Tube.f — Elec- 
tric current flows through the space within a tube because great 
quantities of electrons (tiny 
particles of electricity) are 
emitted or boiled out^^ of the 
tubers hot filament, or cathode; 
many of these electrons pass 
across to the anode. This 
flow of electrons is prevented 
if the anode is at a consider- 
ably more negative potential 
than the cathode (or here Ave say that the anode is negative). 
If this tube’s anode (see Fig. 7.4) is made, say, 75 volts more 
positive than its cathode, enough electrons may pass across to 
the anode so that the meter shows a current floAv of 6 milli- 
amperes. If the anode voltage is noAv raised to 150 volts, the 
more positive anode attracts so many electrons that the current 

* In most texts on electronics, many chapters are devoted to these tubes 
and their characteristics, to assist in their selection and circuit design. 
All that is intended here is to outline briefly the main advantages of each 
tube type. Most industrial electronic circuits can be well understood, 
even without the tube details that are given in this chapter. 

t The type name for such a high-vacuum diode tube is a kenotron, 
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Fig. 7 a . — Greater anode voltage in- 
creases the tube current. 
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flow increases to perhaps 15 ma. In the usual operation of such 
a tube, many more electrons are available at the hot cathode; 
only part of them pass across to the anode. We may ask why the 
rest of the electrons do not likewise pass across to the anode and 
further increase the meter indication; something seems to be 
limiting the amount of electron flow. 

7-2. Space Charge. — When the ele(;trons come out of the hot 
cathode, they fill the space near the cathode like a tiny cloud. 
Since these electrons are negatively charged particles, the clouded 
space near the cathode quickly acquires a negative potential or 
charge; this space charge repels those additional electrons just 
coming out of the cathode, so that they return back into the 
cathode. Meanwhile, the anode (if it is positive) attracts elec- 
trons from this cloud near the cathode; for each electron that 
flows from the cloud to the anode, a replacing electron from the 
cathode is permitted to join the cloud. In this way, the amount 
of electron flow within the tube increases as the anode is made 


more positive. 

Since electrons flow through the tube only when the anode is 
more positive, this shows that electrons are attracted to a more 
positive potential, so the electrons must be negatively charged 
particles (since we know that positive repels positive, but positive 
attracts negative). 

7-3. The Control Grid. --When a grid is added (as previously 
described^' ^) the resulting triode acts quite like the rectifier tube 
-~l — ^ 7 — I ■ ^ — ] above as long as the grid is con- 

I I A;^6ma. nected to the same potential as 

'^0 cathode. However, if the 

volts volt5/<ir )( grid is at some other potential, this 

! Vry 0 I 4 ” affects the electron flow. The 

; I ^ _ I metal grid structure is located 

Fig. 75.- More negative grid t,0 the cathode and close tO 

potential decreases the tube cur- the cloud of electrons SUrrOUnding 

it; therefore, a small change of 
potential at the grid (while the cathode potential remains fixed) 
will cause a large change in the stream of electrons flowing to 
the anode. In the example shown in Fig. 7B, the anode cur- 
rent is 16 ma when the grid voltage is zero (or the grid 
is at the same potential as the cathode). When the grid 
is made 4 volts more negative than the cathode, the grid helps 


voit5/<i:)( 

1 


Fig. 75. — More negative grid 
potential decreases the tube cur- 
rent. 
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the space charge tb repel electrons back into the cathode, so that 
fewer electrons cross to the anode; the anode current drops to 6 
ma. Notice that 4-volts change of grid voltage (Fig. IB) reduces 
the anode current by the same amount as when the anode volt- 
age is reduced 75 volts (Fig. lA). 

7-4. Controlling a Triode. — The comph^te diagram of a three- 
element, or triode, tube is shown in Fig. 7C, as it appears in a 
tube handbook or manual.* In Fig. 7B and the preceding 
chapters, we show a simpler diagram for such a triode, using 
only a circle containing the three tube elements — anode, cathode 
and grid; the simpler tube diagram or 
symbol is all that we need in such an 
elementary circuit diagram, which is 
used mainly for circuit study. In con- 
trast, a complete wiring diagram of the 
same circuit must include all connections 
to the tube socket, as shown later in Fig. 

SB. Moreover, Fig. 7C shows that this 
certain triode has six base pins, arranged 
so that this tube may fit into a standard eight-i)in()r octal socket, f 

To show how a change of anode voltage or of grid voltage will 
affect the amount of anode current of a tube, the tube manu- 
facturer gives us a set of characteristic curves. Such curves are 
used in Sec. 3-10 and are shown again in Fig. 7D. Here anode or 
plate current is plotted (vertically) against grid voltage; each 
slanting line represents one value of anode voltage. When this 
tube in Fig. 7D has 200 anode volts and -4 grid volts (so that the 
anode is 200 volts more positive than the cathode, and the grid 
is 4 volts more negative than the cathode), the resulting anode 
current is shown to be 11 ma (see point 7^ in Fig. 7D). At this 
same 200-volts anode, if the grid voltage is changed to —10 
volts, the anode current decreases to about 2 ma (point U). 

* Refer to Receiving Tube Manual” (RCA, RC-14 or General Electric 
Company MAQ-37). 

t In Fig. 7C, pins are missing at positions 4 and 6; the No. 1 pin connects 
to the metal shell or envelope of this tube. To make sure that this tube 
is placed correctly into the eight-hole socket, a “key” projects from one 
side of the tube stem, to fit a similar opening in the socket. Earlier tube 
sockets, with four to seven holes, receive tubes in only one position. Similar 
tube details are discussed by W. D. Cockrell, in “Industrial Electronic 
Control,” Chap. 0, McGraw-Hill Book Company, Inc., New York, 1944. 



Fig. 7 (\ — Diagram of a 
triode tube. 
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Notice how a change of anode voltage alfects the tube current. 
Starting with point 7’, if we now decrease the anode voltage to 
100 volts, but keep the grid at —4 volts, we must follow down 
the vertical line to Tf , where we see that the new anode current 
is only 2 ma. In this way, these curves show that this tube, a 
triode, is affected by changes of anode voltage. This decreases 
the useful output of the tube, as next described. 

7-6. The Load Line of a Triode. — In most tube circuits, any 
change in anode current causes a change in anode voltage. 



Fig. id ,- Pei forinaiice curves of a, triode. 


For example, in Fig. 7L', when there is no anodt^ current, there 
is no voltage drop across the coil of relay C/iJ, so tlie anode volt- 
age A is 150 volts. However, when the anode current is 10 ma 
or 0.010 amp, there is a voltage drop across CK coil equal to 
5000 ohms X 0.010 amp = 50 volts; the anode voltage remain- 
ing at A is, therefore, 150 volts — 50 volts drop == 100 volts. 
Let us place this information on Fig. 7Z>. 

In this example, zero anode current, together with 150 anode 
volts, is obtained when the grid voltage is —10; here the tube 
is seen to be operating at point X in Fig. 77). When carrying 
anode current of 10 ma, the anode voltage is only 100 volts, so 
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the tube is operating at point Z. If we draw a new line (dotted) 
from X through Y to Z, this load line shows the anode current 
at various grid voltages when this tube is in series with a load 
resistance of 5000 ohms.* We will next use this load line to 
find the amount of the ^^gain” of this tube. 

7-6. Gain of a Tube. — We need to learn what anode voltage 
swing (or change in voltage across the anode load CR) can be 
produced when we cause the grid voltage to swing or change 
by 1 volt. Referring to Fig. 7D, the input signal at the grid 
changes from —1 volt to —4' volts, giving a swing of 3 volts. 
As a result, the tube\s anode current 
decreases from 8 ma to 4 ma. When 
8 mU passes through the load resist- 
ance CR of 5000 ohms, the voltage 
drop across CR is 40 volts; when this 
current decreases to 4 ma, the voltage 
across CR is only 20 volts. The 
change from 40 volts to 20 volts is a 
swing of 20 volts. Since this 20- volt 
swing of anode voltage is caused by a 
3-volt swing of grid ^'oltage, we say 
that the *^gain’^ of this tube is 20 volts/3 volts, or 6.3. 

In most electronic circuits we need to obtain a large gain, 
thereby greatly increasing the strength of the in(*oming signal. 
The power that operates a relay or a loud-speaker may be many 
thousand times greater than the power that controls the grid 
of the first tubc^—a gain of several thousand. To obtain this 
total gain with the least number of tubes, we naturally prefer 
a tube that has gain greater than the 6.3 calculated above. To 
increase this tube gain we must redesign the tube so that a change 
of anode voltage cannot affe(^t the amount of anode current, f 

* A (lifTcrciit load line must be used if the load is changed from 5000 ohms. 
Such a dotted line is a dijruimic-cluimcterisiic curve of the tube, whereas the 
solid lines are called static-characteristic curves. 

t In a triode, a change of anf>de voltage not only affects the anode cur- 
rent, but may also cause objectionable change in the tubers own grid poten- 
tial. Since the anode and the grid are merely two layers of metal separated 
in space, they act like a small capacitor; a quick rise in anode voltage causes, 
by this capacitor action, a small rise of grid potential. Such ‘^feedback” 
from the anode to the grid must be avoided in many circuits, as in radio, 
which operate at high frequency. The usual remedy is the addition of the 
screen grid, described in Sec. 7-7. 



>i(i. 7E. Greater tube cur- 
rent lowers anode voltage A, 
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The ideal tube design would, therefore, have a performance or 
characteristic curve like Fig. 7F; here, at a constant grid voltage 
of —6 volts, the anode current remains at 8.6 ma, whether the 
anode voltage is 25, 75, 150 or 300 volts. Only a different 
grid voltage will change the anode current. In contrast, see 
how the slanting characteristic curves of a triode* (in Fig. 70) 
quickly show that tube anode current increases as anode volt- 
age increases. Nevertheless, the triode is a simple and rugged 



Anode volts 


Fig. 7F , — Performance curves of an ideal tube. 

tube, and is often found in industrial circuits. We shall see 
triodes used in Figs. 8^1, 8G and 8H. 

7-7. The Tetrode. Adding the Screen Grid. — The perform- 
ance of a high-vacuum triode is brought much closer to the 
ideal curves of Fig. 7F, if a second grid is built into the tube. 
The result is seen in Fig. 7H, This extra grid is made of metal 
mesh, which nearly surrounds the anode; it is called the screen 
grid because it screens or separates the anode away from the 
rest of the tube. Having four elements — cathode, anode and 
two grids — ^this tube is a tetrode. Figure 71 shows the symbol 
for a tetrode and the arrangement of the tube parts. 

The screen-grid connection, at a base pin of the tube, is usu- 
ally wired to a point in the circuit which is kept constant, per- 

* The curves of Fig. 7G give the same information as the curves of Fig. 
7D, but in different form. 
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haps 90 volts more positive than the cathode. Even though 
the tube’s anode voltage may change, the screen-grid voltage 
remains unchanged. The steady positive potential of the 



Anode volts 

Fig. *7H . — Performance curves of a tetrode. 

screen attracts the electrons directly from the cathode; these 
electrons are not aflfected by the anode potential until they 
have passed the screen. Although the wires of the screen grid 
are spaced close together, most of the electrons pass from the 
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cathode through the screen to the anode. The quantity of 
electrons flowing to the anode now depends mainly on the con- 
stant screen voltage and, of course, the control-grid voltage. 
In Fig. 7Hy using the line marked —8 (grid held constant 8 volts 
more negative than the cathode), we see that the plate or anode 
current is 4.5 milliamperes at point /?, wh('n the anode voltage 
is 150; the anode current increases only to 5.0 ma at point S, 
when the anode voltage is 300. (In contrast. Fig. 7G shows 
that a triode^s current might increase from 1 ma to 15 ma.) 

Although the tetrode approaches the desired results (of Fig 
7F) at high anode voltages, the left-hand part of Fig. 7H shows 
undesirable results if the anode voltage becomes less than the 
screen-grid voltage. Notice that only half as much anode 
current flows at X (80 volts anode) as compared to Y (110 volts 
anode). At A, the anode is less positive than the 90-volt screen 
grid, so the electrons naturally prefer to collect at the screen 
grid; more electrons flow to the screen grid, fewer flow to the 
anode. This robbing of anode current is made possible by 
secondary emission, which must be overcome before we can get 
our ^^perfect tube.^^ 

7-8. Secondary Emission. — When electrons are at ti acted 
toward a point of higher potential (such as a more positive 
anode), the electrons gain high speed and strike the anode with 
such force that they ^Splash some of the electrons bounce 
back, or we say that, because of this collision, other electrons 
are driven out of the cold anode material; the electrons pro- 
duced at the anode in this way are caused by “secondary emis- 
sion,^’ and are emitted only because ot the energy released by the 
arrival of electrons from the cathode. 

In the screen-grid tube, most of the high-speed electrons from 
the cathode miss the screen grid and strike the anode, even 
when the anode is less positive than the screen. However, the 
rebound or secondary electrons drift back to the screen grifl 
and are lost from the anode current at A, as was mentioned 
above. Without a screen grid (as in a triode), or when the 
anode voltage is to the right of Y in Fig. 7//, the secondary 
electrons have nowhere to go except back into the anode. 

7-9. The Pentode. Adding the Suppressor Grid. — To over- 
come this effect of secondary emission in the screen-grid tube, 
$0 that it may work better at very low anode voltages, a third 
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grid is built into the tube and is placed between the anode and 
the screen grid. Having five elements — cathode, anode and 
three grids— this tube is a pentode and is shown in Fig. TJ. 
The third grid is called the suppressor ^ because it suppresses 
or stops the flow of electrons from the anode to the screen grid. 
This suppressor grid is usually connected to the cathode (either 
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Fig. 77. — SynilK)! and aiiaiiKenuMit of a tctiodc. 


inside the tube, or by an external cir(*uit); therefore, it has a 
more negative potential than either the anode or the screen 
grid. Any electrons that boun(*e or are emitted from the anode, 
as described above, are repelled by the negative suppressor 
grid and return to the anode, instead of traveling to the more 
positive screen grid. Figure IK gives the result — ^horizontal 
lines showing very little change in anode current, although the 
anode voltage may swing down to values below 100 volts. Here, 
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then, is a tube having very high amplification fa(*tor, a tube 
which gives high gain. Its control grid (or No. 1 grid) has 
complete control of the amount of anode current; the other 
grids help to make this possible. 

Pentode tubes are shown in the circuits of Fig. lOA and Chaps. 
17 and 22. In each of these circuits, you will see that the pentode 
is controlled only by that grid nearest the cathode; the other 
grids are connected to voltage dividers or similar constant;^ 



56 


ELECTRONICS IN INDUSTRY 


[Chap. 7 


potential points. In later circuits such as Fig, 23C, separate 
signals are applied to both the screen and control grids; either 
grid voltage may control the anode current. 



Anode volfs 


Fig. 7K , — Performance curves of a pentode. 



Anode volts 

Fig. 7L , — Performance curves of a power pentode. 


When a pentode is used to give high gain in voltage and low 
anode current, notice that the pentode lines of Fig. 7K are 
nearly the same as the perfect-tube '' lines in Fig. 7F, How- 
ever, when the pentode is used as a power amplifier (with greater 
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anode, current, as shown in Fig. 7L) the pentode lines become 
more curved; we see that the pentode is not ideal for delivering 
large power output when the anode voltage must swing down 
to 40 or 60 volts. To meet this need we now come to the beam 
power tube. 

7-10, Beam Power Tube. — ^Any certain size of screen-grid 
tube can be made to produce and control greater power output 
if we add beam-forming plates instead of a suppressor grid. 
As shown in Fig. 7il/, these beam-forming plates are solid sheets 
of metal connected to the cathode inside the tube; these plates 



Fig. 7M . — Symbol and arrangement of a beam power tube. 


prevent electrons from flowing to the anode except through the 
two shaded portions, or beams. Looking at these same tube 
parts from another direction. Fig. 7N shows that the electrons 
pass in beams (shaded) between the wires of the control grid. 
Since each wire of the screen grid is carefully located directly 
behind a control-grid wire, very few electrons ever strike the 
screen grid. Nearly all the electrons reach the anode or plate, 
where they may ‘‘bounce” or cause secondary emission. These 
electrons might be attracted back to the more positive screen 
grid; to prevent this, the beam-forming plates are at zero, or 
cathode, potential and are carefully shaped so that they spread 
this zero influence through the zone or space marked A in Fig. 
7M or 7N. These plates act like a suppressor grid, without 
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having grid wires scattered in the path of the electrons. Any 
electrons wandering away from the anode are repelled by this 
zero zone A. The result (for a tube of the same size as in Fig. 



Screen 


Fio. 7N . — Giid wires in a beam tube. 



Anode volts 

Fig. 70 . — Performance curves of a beam power tube. 


7K or 7L) is shown in Fig. 70, where, even at anode currents 
as large as 100 to 300 ma, the anode voltage is seen to have 
little effect on the amount of current in this beam power tube. 
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Having an anode, cathode and two grids, the beam power 
tube is a tetrode; the beam-forming plates are not counted as 
separate tube elements. Ordinary tetrodes^"^ are now little 
used, having been generally replaced by pentodes or beam 
tubes. You will find beam tubes in the circuits of Figs. 8D 
and lOE, The tube in Fig. AH is shown as a triode, but the 
tube used in this airplane time relay is really a beam tube; 
notice that we understand that circuit operation, regardless of 
which type of tube is used. 



Fi(a 7P , — Duplex tu])eK. 

7-11. Duplex Tubes. Several Tube Operations in One 
Enclosure. — In the preceding paragraphs we have called an 
electron tube by its name of diode, triode, tetrode or pentode, 
depending upon the number of grids in the tube; each one of 
these tubes is complete in itself, having one anode and one 
cathode. Two or more of these complete anode-cathode-grid 
assemblies are often placed inside one glass or metal enclosure 
or envelope; here they may work like two or more separate 
tubes, but they share a single base and socket. Such a com- 
bination is called a duplex tube; physically it is just one tube, 
and all its parts are shown inside one circle in the complete 
tube diagram. In the several examples of duplex tubes shown 
in Fig. 7P, you quickly recognize (a) two diodes combined in 
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one enclosure, as described in Sec. 2-10, and called a duo-diode, 
or a full-wave rectifier; (b) two diodes and a triode, all using 
the same cathode (type 6SQ7). Similarly (c) shows one diode 
combined with one pentode, each having its own separate cath- 
ode (type 25 A7,* called a rectifier pentode). In these duplex 
tubes, the stream of electrons flowing to one anode is entirely 
separate from the stream of electrons flowing to another anode, 
even though both electron streams may be emitted from one 
common cathode; in (b) of Fig. 7P, the grid control of the tri- 
ode portion has no effect upon the electron flow of either diode. 

A duplex tube merely combines those tube operations that 
often occur together in various circuits, such as in radio receivers; 
instead of using several simple tubes, a single duplex tube saves 
space and cost. This same idea applies to a doctor and a dentist 
who combine their offices so that, while each has his own work 
space and patients, they share the rent, heat and waiting room. 

In (d) of Fig. 7P, the rectifier-beam-power amplifier acts 
separately as a rectifier and as a beam power tube; notice that 
its two filaments, in series, have no electrical connection to 
either cathode. This tube (117N7) is shown in a complete 
wiring diagram of a photoelectric relay in Fig. 8B; later, we 
shall study this photoelectric relay, using the elementary dia- 
gram of Fig. 8C. In Fig. 8C notice that this 117N7 tube is 
shown as two separate tubes — a diode in one part of the cir- 
cuit and the beam power tube in another portion of the diagram. 

The twin triode of (e) is used later as two separate triodes 
(tubes C and CC in Fig. 24C, type 6SN7). 

The twin diode of (/) in Fig. 7P, has separate cathodes; this 
tube (type 25Z5) is a rectifier doubler, intended to do the same 
work as the two separate tubes shown in the voltage-doubler 
circuit of Fig. 5G. 

7-12. Special Tube Tjrpes. — ^The tubes already described are 
for general-purpose use; they are found in a great variety of 
industrial and communication circuits. Many other tubes have 
more limited use or are made specially for one certain purpose; 
more new special types will be used, far beyond the range of 

* The first part of this tube number or designation shows the approximate 
filament voltage used for heating the tube; the 6SQ7 has a 6.3-volt heater, 
the 25A7 has a 25-volt heater, while the filament or heater of the 117N7 
tube operates at about 117 volts. 
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this book. We have many uses for one special tube, the catb^ 
ode-ray tube described later. This high- vacuum tube has a 

hot-filament cathode, a grid and several anodes; the stream of 
electrons passes beyond the anodes and strikes the circular end 
of the tube, where it causes a spot of light that moves or traces 
a curve in response to electric voltages applied to other elec- 
trodes within the tube. 


Questions 

1. When a high-vacuum tube is used with a 5000-ohm resistor, with a 
200-volt supply, what is the greatest expected anode current? 

2 . Suppose that a 100,000-ohm resistor is in series with the grid of a 
tube, and the grid signal voltage is always negative. If a 1-megohm grid 
resistor is substituted, what is the change in tube operation? 

3 . If the anode current is 10 ma when the screen grid is at +200 v, what 
is the anode current if the screen grid is at 0 volts (while the anode voltage 
and control-grid voltage remain unchanged)? 

a. 10 ma? 

h. 3 ma? 

c. Zero or negligible? 

4 . How many separate electron streams may flow in a duodiode-pentode 
when the control-grid potential is 

a. +20 v? h. —20 v? 

True or false f Explain why, 

6. In sizes used in radio receivers, an anode current of ampere is 
within the operating range 

a. of a triode. 

h. of a beam tube. 

6. Grid voltage depends on the filament current. 

7. A suppressor-grid tube is used instead of a triode, because 

a. it responds at greater speed. 

b. it has greater useful gain. 

c. it does not need a screen grid. 

8. When a separate cathode is added to a triode, it becomes a four- 
element tube or tetrode. 

9. The deflecting plates of a beam tube may be connected to anode 
potential. 

10. So that the anode voltage will not disturb the control-grid voltage, 

а. a suppressor grid is added. 

б. the space charge is removed. 

c. a screen grid is added, 

11 . A diode may be used as an amplifier. 

12 . The filament of a tube is always at cathode potential. 

13 . A triode may pass anode current even when its grid is negative. 

14 . Grid voltage is the difference in electric pressure between tbe grid 
and the anode. 
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LIGHT AND HEAT RELAYS 

The use of light rays to control an electric circuit has already 
been mentioned. The phototube, or electric eye,” is shown in 
a d-c photoelectric relay (Fig. 3G) and again in the a-c relay 
of Fig. 5A. Let us see how this a-c relay is used for turning 
lights on or off in an office or a schoolroom. 

8-1. Room-lighting Relay. — This photoelectric relay, mounted 
inside the room, ^Svatches” the amount of daylight coming 
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through the windows; when this daylight becomes less than the 
desired amount, the relay turns on the electric lights in the room. 
The illumination provided by these lights also reaches the 
phototube and immediately turns the lights off again, if we use 
merely the simple circuit of Fig. 5A. Therefore, Fig. 8 A includes 
the a-c photoelectric relay of Fig. 5A, but uses two potentiom- 
eters IP and 2P, together with a larger contactor 2CR for the 
light circuit. 

When it is dark outside, phototulx^ P receives only the light 
from the electric lights in the room; this is not enough light to 
make phototube P turn on amplifier tube T] relay ICP is not 
picked up. Therefore the normally-closed contact ■ ) of 
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ICR has shorted the resistor 47?; contactor 2CR is energized, 
and the room lights are on. Notice also that another ICR con- 
tact is open between IP and cathode if, therefore IP is not 
affecting the phototube circuit. 

When daylight increases, the total light on phototube P 
increases; when this total light in the room is so strong that 
the electric lights are not needed, 2P is set so that P will 
pick up relay ICR, A contact of ICi? shorts around the 
2(7/? coil so that 2CR drops out, turning off the lights. At 
the same instant, ICR closes the circuit between K and IP so 
that the setting of 2P no longer controls the phototube circuit; 
IP is set lower, so that the room light will not come on again 
until the daylight decreases. With corre(*.t settings, IP turns 
the lights on when daylight is less than say 40 units; if the elec- 
tric lights provide 50 units, then 2P waits until the total light 
becomes more than 90 units before turning the light off again. 

8-2. Connection or Wiring Diagram. Elementary Diagram. — 
In all the circuits shown this far, the parts of the diagram are 
arranged so that we can more easily trace and understand the 
operation of the circuit; such diagrams do not show where the 
various parts are really located in the complete assembly. These 
diagrams (of which Figs. 8 A and 8C are examples) are called 
elementary diagrams. 

Another kind of diagram is shown in Fig. 85. This is called 
the connection or wiring diagram, because it shows the wire 
connections between the various parts, arranged just as they 
are when you trace the wires from one part to another. h]ach 
part is shown in its proper place, as if you were looking at the 
bottom or underside of the chassis or frame, holding it so that 
the six numbered terminals are at the top. You use this con- 
nection diagram when making external connections or when 
lo(;ating certain parts. To study how this circuit works, this 
connection diagram is not suitable; instead, you use the ele- 
mentary diagram of this same equipment, which is Fig. 8C. 
Such elementary diagrams are shown throughout this book. 

However, the connection diagram gives other valuable infor- 
mation. Notice in Fig. 85 that only two tubes are used, as 
shown by the dotted circles. (The inner circle encloses the 
parts within the tube, the outer circle* represents the tube 

* Recent diagrams may omit the outer tube circle. 
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socket, showing the external connections to the socket termi- 
nals.) The left-hand tube (type 117N7) is a duplex tube^‘“ 
and is represented in Fig. 8C by two separate circles, tube 1 and 
tube 2. We study and understand it as two separate tubes; 
we locate or replace it as just one tube. The connection diagram 
shows more quickly the total number of contacts on a relay, or 



Fig. 8B . — Wiring diagram of a d-c, a-c phototube relay (CR7505-K108). 

the number of windings on a transformer — these may be widely 
scattered in the elementary diagram. Most elementary dia- 
grams omit the filament or heater connections to the tube and 
use only a single cathode connection, as shown in Fig. 8F or 
Fig. 8G. 

As an electronic equipment becomes more complex, including 
more tubes and relays, it becomes more necessary to have both 
the elementary diagram and the wiring diagram available. 
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Only by combined knowledge and use of both diagrams can 
proper maintenance or service be given. 

A schematic diagram (as used mainly in communication elec- 
tronics) aims to show a circuit in simple form, like an elementary 
diagram. Unlike the elementary, the schematic shows termi- 
nal connections and accessories, and keeps together the windings 
of each transformer or the parts of each relay; as a result, the 
schematic loses some of the directness with which a true ele- 
mentary can be analyzed. 

8-3. A D-c^ A-c Photoelectric Relay. — Figure 8C shows the 
elementary diagram of a light-sensitive relay that may be oper- 



Fig. sc . — Elementary diagram of d-c, a-c phototube relay. 


ated from either a-c or d-c power supply. As is explained below, 
when sufficient light shines on phototube 3, this permits current 
to flow through tube 2, causing relay CR to pick up and operate 
its contacts to control external circuits. 

If points 1 and 2 arc connected to a 115-volt a-c supply, the 
portion of Fig. 8C within the dotted line serves to convert this 
a.c. into a d-c voltage, which appears between points 8 and 1. 
That is, tube 1 acts as a half-wave rectifier, which permits cur- 
rent to flow through it during only the half cycles when tube-1 
anode is positive. Since this tube current flows only in one 
direction, it charges capacitors 2C, which smooth this pulsating 
tube output into a usable steady d-c voltage; in this way, these 
capacitors and resistor 7R act as a filter (like that described 
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in Sec. 10-4). However, if points 1 and 2 are connected to a 
115-volt d-c supply (with the positive side at point 2), electrons 
flow steadily through 7R and tube 1, and a d-c voltage again 
appears between points 8 and 1. 

In circuits supplied only by a.c., the tube filaments often work 
at low voltage furnished by a small transformer. Since such a 
transformer cannot be used in Fig. SC on d-c supply, the tube 
filaments are designed to operate directly at supply voltage. 
Tubes 1 and 2 are built in one enclosure, using a single socket. 

Between points 8 and 1 in Fig. SC, resistoi s SR, 4R, 5R and 6R 
merely divide the d-c voltage into usable parts. The flow of 
electrons which picks up CR must pass from 1 through SR and 
4R to point 10, cathode to anode of tube 2, and through CR 
to 8. This tube current cannot flow when the control grid of 
tube 2 (at point 14) is considerably more negative than the 
cathode (point 10), as when the light beam at phototube 3 is 
interrupted. When phototube 3 is dark, it acts as a very high 
resistance, much greater than 172, so that the potential of point 
14 is close to that of point 1, and therefore is more negative 
than point 10. 

When the light beam reaches phototube 3, this phototube 
permits enough electrons to flow (from 1 througli 1 R and photo- 
tube to point 8) to cause a large voltage drop across 1/2; this 
raises the potential of point 14 (grid of tube 2) so as to permit 
anode current to flow through tube 2 and pick up CR. By 
turning 372-slider clockwise, we increase the amount of light 
required to operate the relay; we increase the resistance and 
voltage drop between points 10 and 1, raising the tube-2 cathode 
to a higher potential. To turn on tube 2 we must now raise 
its grid 14 to a higher potential also, and this requires more 
current flow through 172 and more light on phototube 3. 

In describing the operation of tube 2, we have mentioned 
only one grid, as though tube 2 were a triode. In Fig. SC the 
symbol of tube 2 shows that it is a beam power tube — a form 
of tetrode having deflecting plates, described in Sec. 7-10. 
This more complex tube gives superior performance but is con- 
trolled in the same way as a triode, by means of the potential 
of one grid close to its cathode. The other grid is connected 
to point 9, whose potential is not affected by the phototube 
circuit. 
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8-4. The PhototroUer. — This is a standard form of light- 
operated relay, as designed by another manufacturer. Its 
schematic diagram is shown in Fig. 8D. When it is rearranged 
into the corresponding diagram of Fig. 8E, we notice that this 
circuit is quite similar to Fig. 5^4. 

We recognize that current may flow through tube T and the 
coil of contactor / only during the half cycle when transformer 



Fig. SD . — Schematic diagram of a PhototroUer. 

terminal 7 is more positive than terminal 8. During the other 
half cycle, a very small current flows through resistor 7R to 
prevent contactor I from chattering; this 7R current is too 
small to keep contactor I picked up unless tube T is also pass- 
ing enough current. 

To see what controls tube T, study the grid circuit at the left- 
hand side of Fig. 8E, (This will be more easily understood if 
we place a connection or short circuit from point 13 to point 8, 
temporarily removing the effect of the 10-volt transformer wind- 
ing and capacitor 2(7. The purpose of these parts is explained 
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later in Sec. 11-7.) Notice that the 65-voIt transformer wind- 
ing may force a large electron flow (when terminal 11 is more 
negative than 12), through 2if, 3/2, 4/2, 5/2 and the Rectox 
(copper-oxide rectifier^®’^®), thereby producing, say, 80 volts 
drop across 2/2, 3/2 and 4/2; capacitor 1C becomes charged to 
this voltage, and its right side is more positive than its left 
side. During the following half cycle (when 11 is more posi- 
tive than 12) the Rectox prevents most of the reverse electron 
flow, which might discharge capacitor 1C. Capacitor 1C is so 



Fig. ^E . — Elementary diagram of a Phototroller. 

large* that the d-c voltage across it is quite steady; this d-c 
voltage is also applied across 1/2 and phototube F in series. 

When P is dark, there is so little electron flow through 1/2 and 
P that most of the 1C voltage appears across P and very little 
across 1/2; therefore, the potential at C (grid of tube T) is close 
to the negative side of 1C and prevents tube T from firing or 
passing anode current. When more light strikes P and increases 
the electron flow through 1/2 and F, the voltage drop across 1/2 
increases, raising the potential at C until tube T passes current 
to pick up contactor I. 

When the slider of 3/2 is turned to touch the end near 4/2, the 
entire voltage across 2/2 and 3/2 is used to bias or make the grid 
of T negative; therefore, a large amount of light must reach P 
before the voltage across 1/2 is large enough to turn on tube T. 

* Capacitor 1C (1 microfarad) tries to discharge through 2i2, 3/2 and 4/2, 
which total 225,000 ohms or 0.225 megohms. The time constant^-® is 
1 (mu f) X .225 (megohms) = 0.225 sec; therefore, during about }{oo or 
0.01 sec between the impulses of charging current, 1C loses very little of 
its charge or voltage. 
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When the 3R slider is turned to the left or 2R end, only the 
voltage across 2R keeps the grid of T negative, so tube T picks 
up I at very small amounts of light. 

^ Notice that grid rectification®'* is not used in this circuit to 
produce the d-c voltage across IC ; the Rectox is used instead. 

8-6. Flame-failure Control. — ^Various electronic devices are 
used to shut off the fuel supply if the furnace flame fails.* Cer- 
tain luminous flames may be detected by a phototube, and 
Fig. 8F shows a circuit for phototube flame detection. Light 
from the flame falls on phototube P, which permits transformer 



Fig. SF, — Phototube relay for flame control. 


secondary S2 to force a tiny flow of electrons through relay 
coil CRj and through 2/?, P and 3R ; this flow causes a voltage 
to appear across resistor 3R, Capacitor D charges to this voltage, 
which keeps the grid 4 of tube A more negative than its cathode 2. 
Since this negative grid prevents any anode current through tube 
A, no current flows through IP (traced later). With no voltage 
drop across IP, the grid 5 of tube B is more positive than its 
cathode 2 (because of the voltage of transformer S2) during the 
half cycle when all the transformer secondaries are positive on 
the right-hand side. Therefore, there is a large flow of electrons 
from point 2 to tube-P anode, through P4, relay coil CP, and S2 
back to 2. Notice that the voltages of S4 and S2 combine to 
force current to pick up relay CP, permitting fuel to flow to the 
flame. Tube B controls this current flow. 

When the flame fails, no light reaches P, so no current flows 
through resistor 3P. After a very short delay (while capacitor D 

* Flame-failure Control of Industrial Furnaces, Electronics, September, 
1944, p. 152. 



70 


ELECTRONICS IN INDUSTRY 


[Chap. 8 


discharges through 3/2 and 5/2), the grid of tube A approaches 
the same potential as cathode 2; electrons flow from cathode 2 to 
anode of tube Aj through >S3, 1/2 and /S2, back to 2. (Here the 
voltages of S2 and S3 add, to cause these electrons to flow through 
1/2.) The resulting voltage appearing across 1/2 makes point 5 
(grid of tube B) more negative than cathode 2, so the tuhe-B 
anode current decreases and CK drops out, shutting off the fuel. 

8-6. The Protectoglow. — Another method of flame dete(;tion 
makes use of the tiny current that may flow through the flame 
itself. An average flame has from 2 to 100 megohms resistaii(*e ; 



Fig. — PiotectoKlow circuit for flame detection. 


the resistance of the unlighted fuel is much greater. If an 
electrode is pla(;ed in the flame (at E in Fig. SG) several millionths 
of an ampere may flow between clamp G and electrode E. ^fhis 
current is too small to operate anything but an electronic circuit. 
We shall see that a normal flame will “turn off tube A, “turn 
on'^ tube C and pick up relay Z, to feed fuel to the flame. 

Tube B works only in the grid circuit of tube A* During 
the half cycle when transformer terminal 1 is more positive than 
2, electrons flow through 1/2 and tube B. If there is normal 
flame, additional electrons flow from 2, through the flame from 
G to Ey returning through 2/2 and tube B to point 1. Notice that 
2/2 is a 25-mcgohm resistor, so only one microampere of current 
causes 25 volts drop across 2/2; this voltage across 2/2 charges 
capacitor 1C also. During the next half cycle (when tube B can- 

* A schematic or wiring diagram shows tubes A and B in one enclosure, 
as a twin triode.^-o The grid and the cathode of tube B are connected 
together, so this triode acts like an ordinary rectifier or diode. 
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not pass current), 1C tries to lose its charge by forcing electrons 
through the flame and liJ; since this total resistance is at least 
2 megohms, we realize that 1C (0.005 mu f) retains much of its 
charge during the next half cycle (for the time constant^-® is 0.01 
sec, longer than a half cycle). This voltage across 1C keeps the 
grid of tube A more negative than cathode 3. Therefore, tube A 
has no flow of anode current, so there is no voltage drop across 
resistor AK] the grid 9 of tube C is at the same potential as cathode 
4, so tube C passes current to pick up relay Z and feed fuel to the 
flame. 

When the flame fails, no current flows through resistor 2/f, so 
grid 8 rises to the same potential as cathode 3 and turns on tube 
A. Electrons flow from cathode 3 to anode 9 and through 
resistor 4/?; the resulting voltage drop across AR makes point 9 
(grid of tube C) more negative than cathode 4, so anode current 
stops, dropping out relay Z to shut off the fuel.* 

If electrode E is out of adjustment and touches the nozzle, this 
makes a circuit from G to E, as though there were a flame. 
Notice how tube A ^^gnores^^ such a false signal. If E touches 
C, electrons flow through 2R and charge 1C, as was described 
above. However, during the next half cycle, 1C discharges 
almost instantly by forcing electrons through the shorted elec- 
trode and resistor lit. The resistance of this discharge path is 
only 5000 ohms, instead of the 2-megohm flame. Therefore, 1C 
has already lost its charge when the anode of tube A becomes posi- 
tive during the following half cycle; tube A passes current, as it 
does when there is no circuit of any kind between E and G. 

8-7. A Temperature Indicator. — In the circuit of Fig. 8//, 
phototube X ‘Mooks at white-hot metal and makes an indicator 
move up or down scale as the temperature of this metal changes. 
The current that moves the indicator also passes through a lamp 
L] when a large current makes the indicator point at a high 
temperature, this same current makes lamp L brighter, so that 
more light shines on another phototube F. 

At the bottom of Fig. 8//, tube A is a rectifier, which changes 

* Notice that relay Z could have been moved into the anode circuit of 
tube A (in place of 4/f), a flame failure then must pick up Z, using its 
normally-closed contact to shut off the fuel. This arrangement does not 
'‘fail safe,^' for the fuel is not shut off if coil Z or the power supply fails. 
If tube C is added, safer operation results, 
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the a-c supply S into a d-c voltage that is positive at point 15, 
negative at 12. Resistors IR, 2R and 3R divide this voltage into 
usable parts. Similarly, tube B producea another d-c voltage, 
positive at point 18, negative at 16; this voltage is divided by 
5R and 6ff, These d-c voltages are smoothed or filtered by 
combinations of capacitors and reactors or chokes, as is explained 
in Sec. 10-4. 

The cathode of tube C is at a fairly constant potential 13; how- 
ever, the grid of tube C is controlled by phototubes X and Y, 
Notice that these phototubes are connected in series across the 



constant voltage 14 to 12. Each phototube acts like a variable 
resistor; if the light reaching X increases, the resistance of X 
decreases. 

Let us start with cold metal, giving no light to phototube X. 
shall see that lamp L also is dark, giving no light to phototube 
Y, Here both X and Y have high resistance; since their resist- 
ances are about equal, the potential at point 19 is midway 
between points 14 and 12. Because IR has more ohms resistance 
than 2Rj the potential at 13 (cathode of tube C) is much more 
positive than 19 (grid), so that tube C passes no current. As a 
result, there is no voltage drop across resistor 4/f (since the only 
electrons that can flow through 4/2 must pass from point 13 
through tub© C and through 4/2 to point 15). 
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Meanwhile, the cathode of tube D is at the same potential as 
point 17 (for there is no current or voltage drop in lamp L or the 
indicator). The tube-D grid 15 is at the same potential as point 
16 (remembering that there is no voltage drop across AR ) ; how- 
ever, the voltage across resistor 62J acts as a bias, which keeps 
tube-D grid more negative than point 17 (cathode), so that tube 
D passes no current, and the indicator points at the lowest 
temperature. 

As the metal temperature rises, more light strikes X, decreasing 
its resistance (while the Y resistance is yet unchanged). This 
immediately raises the potential of tube-C grid, so that current 
flows through tube C and AR; this current makes point 15 more 
positive than 16, raising the potential of tube-D grid. Tube D 
now permits electrons to flow from point 17 through the indicator 
and lamp L, through tube D to point 18; the indicator reads 
higher on the scale, the lamp L becomes brighter. As more 
light from L reaches phototube F, the resistance of F decreases, 
to match more closely the resistance of X; the whole circuit 
quickly steadies at a condition where X resistance is just enough 
less than F resistance, so that tube C passes enough current 
to make tube D pass enough current to cause lamp L to give 
just enough light to hold the tube-C grid at the required 
potential. 

You see, this is an endless chain of events, and that is the reason 
why this kind of circuit is called a feed-hack or self-regulating 
circuit. 

8-8. Other Light and Temperature Relays. — Many photo- 
electric or temperature relays include vapor-filled electron tubes 
and are studied in Chaps. 10 and 11. In more advanced circuits 
(Chaps. 22 and 23) the phototube responds to changes of light or 
heat in the same manner as in circuits already studied; however, 
since these relays must respond to very short or rapid changes 
of light, their circuits must include special features yet to be 
studied. 

The success of any photoelectric relay depends on the optical, 
or light, system used. Standard light-sensitive relays may solve 
most needs, when they are properly combined with lens, mirrors 
or light-filtering systems; that is beyond the electronic field of 
this book. The phototube may sort colored objects or respond 
to certain colors of light, as is discussed in Sec. 19-11. 
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Questions 

1 . Suppose that a photoelectric relay (as described in Sec. 8-3) fails to 
respond to a change of light; the CR relay will not drop out. Which of the 
following may be the trouble? 

а. Heater of tube 2 is open-circuited. 

б. Capacitor 1C is shorted. 

c. Resistor IR is open-circuited. 

d. Resistor 7R is open-circuited. 

e. Resistor 5R is open-circuited. 

/. Coil of CR is shorted. 

g. Resistor 6R is open-circuited. 

Which diagram did you use, Fig. SB or Fig. 8C? 

2. In the Protectoglow circuit, Fig. which of the following will drop 
out Z and shut off the fuel? 

fl. The 45-volt transformer winding is open-circuited. 

6. Resistor 4i^ is shorted. 

c. Capacitor 1C is shorted. 

d. Resistor 2R is open-circuited. 

e. Tube-.4 heater is opeii-circuited. 

3. In Fig. Sllj tube A causes a voltage that is (+) at 15, while tube B 
causes a voltage that is ( — ) at 16. 

a. Because of these voltages, is 15 more positive than 16? Explain. 

h. If tube Y is removed from its socket, does the indicator show a 
high-temperature reading? 

c. If iR is shorted, what happens? 

d. If tube A is removed, what happens to the voltage across 6/f? 
Across 4/?? 

4. In P^ig. SEj when does grid current flow in tube 7’? 
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In the circuits described this far, high-vacuum tubes have been 
used, most of which are like the tubes found in radio receivers. 
We have seen that such high-vacuum tubes carry small anode 
currents, generally from 1 to 100 milliamperes (or Ho 00 Ho 
ampere). For industrial circuits, we often need tubes that carry 
large currents, from 1 to 100 amperes, even reaching 5000 amperes 
for an instant. Such high-current tubes are usually vapor filled; 
because they work differently, these tubes arc often marked on 
diagrams by placing a dot inside the tube circle. Some of these 
gas- or vapor-filled tubes have heated cathodes and are called 
phanoirovs or thyratrons^ which are generally used to carry 
current in the range from Ho to 40 amperes. Another type is 
called an ignitron; it contains a pool of mercury (unheated) as a 
cathode and is used to carry current greater than 40 amperes. 

9-1. The Phanotron Rectifier. — The phanotron is a diode 
(a two-element tube, having only an anode and a cathode). 
When it is being made, a drop of mercury or some gas such as 
argon or helium is put inside before the tube is sealed. This tube 
behaves like the diode described in Sees. 2-4 to 2-6; as it has a 
heated cathode, electrons flow from cathode to anode whenever 
the anode is positive. Having no control grid, it is merely a 
rectifier tube. However, owing to the vapor or gas inside it, 
this tube may carry perhaps a hundred times as much current as 
a high-vacuum tube of the same size. When it is operating, this 
tube shows its red-hot filament; in addition, when anode current 
flows, a phanotron lights up with a colored glow, usually blue or 
purple. Some phanotrons have a metal enclosure, so that the 
glow is seen only where the anode connection passes through a 
glass seal. 

The two-tube rectifier shown in Fig. 9A has two phanotrons 
connected like the tubes in Fig. 21; it operates as a rectifier, to 
supply loads such as magnetic chucks or d-c motor fields. Since 
these vapor-filled tubes carry so much more current, their heated 
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cathodes must be able to produce more electrons. Therefore, 
the larger vapor-filled tubes are built with indirectly heated 
cathodes, as desciibed in Sec 2-11 While ordinary radio tubes 
will reach operating temperature in 6 to 20 seconds, the vapor- 



Fig 9 a — A Phanotron rectifier (CR7601) 


filled tubes may need a longer warming time; their life is greatly 
decreased if they are permitted to carry current before the cath- 
odes have reached proper temperature The large industrial 
tubes must be protected by a time-delay relay (such as is included 
in Fig. 9 A), which makes a contactor close a circuit between the 
load and the tubes 
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9-2. Greater Electron Flow in a Phanotron. — Why does the 
addition of vapor or gas permit a tube to carry so much greater 
current? Let us recall^" ^ that the flow of electrons through a tube 
generally does not use all the electrons that are being emitted 
from the hot cathode. In a high-vacuum tube, many extra 
electrons gather near the cathode, causing the space charge, 
which tries to prevent other electrons from flowing to the anode. 
When there is vapor or gas inside the tube, some of the electrons 
bump into the small particles of gas with enough force to give 
these gas particles the power also to act like electrons and carry 
current. In these collisions, electrons give the gas particles this 
power by putting electric charges on them, or ionizing them. 
When the gas particles become charged in this way, we say that 
the gas is ionized. These collisions also produce a positive 
charge, which removes or offsets most of the space charge, so that 
the electrons are free to travel from the cathode to the anode. 
Nothing tries to limit the flow of electrons in the tube until this 
electron flow tries to become greater than the amount of electrons 
being emitted from the cathode. Since such operation quickly 
damages most cathodes, we must not let too much current flow 
through a vapor-filled tube. This current depends on the cir- 
cuit outside the tube, just as the current through a switch or a 
contactor is limited only by the amount of load connected to the 
contacts. 

9-3. Arc Drop — Constant Voltage across a Vapor-filled Tube. 

If you carefully measure* the voltage between anode and cathode 
of a high-vacuum tube, this voltage may be any amount, such as 
6, 25, 90 or 350 volts; it changes when the amount of anode 
current changes. In contrast, when you measure from anode to 
cathode of a mercury-vapor-filled tube through which anode 
current is flowing, you read about 15 to 20 volts, and this voltage 
drop changes very little when the amount of anode current 
changes. Since the voltage drop across the current arc remains 
unchanged, we say that a gas-filled or vapor-filled tube has con- 
stant arc drop. For any phanotron, thyratron or ignitron con- 
taining mercury vapor, this arc drop is about 15 volts. If, say, 
220 volts is applied across such a tube, together with its load, 
only 15 volts appears across the tube, 205 volts across the load. 

* With thft Droper instniment, such as a vacuum-tube voltmeter. 
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When current flow stops, the entire 220 volts is measured across 
the tube. 

When a gas is used inside the tube in place of mercury vapor, 
the arc drop is also low if the tube has a heated cathode. How- 
ever, with a cold cathode, a tube filled with neon may have about 
75 volts^ drop, while its anode current flows; other gases are used 
to make tubes having 90, 105 or 150 volts’ drop, and these are the 
voltage-regulator tubes described in Sec. 10-6. All such tubes 
have constant arc drop — ^if the voltage across the tube is 75 volts 
when 10-ma anode current flows, .you still measure 75 volts w hen 
the anode current increases to 30 ma. 

9-4. Watching the Two-tube Rectifier Work.— Kecitifiers some- 
what like Fig. 9 A may be used for d-e loads from 1 to 40 amperes. 





LoQid' 

current 


Fio. 9 jR.- -Two-tube rectifier witli resistance load. 


When such a rectifier is supj)l.yiiig direct current to a resistance 
load (such as to heaters or certain d-c motor armatures) the 
curves in Fig. 9B show the voltage applied across the load and 
the resulting current flow. The dotted line (rectified sine wave) 
shows the voltage supplied by the transformer, first to the anode 
of tube A and then to the anode of tube B. Whenever this 
voltage is greater than 15 volts, current flows through the load 
and through one of the tulj^es. Notice that, since the voltage 
drop or loss across either tube is always 15 volts, the rest of the 
voltage is applied across the load, and its waveshape is nearly 
the same as the transformer voltage wave. For this resistance 
load, the current wave also has nearly the same shape as the 
voltage wave; there is no current flow during the short intervals 
marked A^. 

Usually the load includes some inductance or is highly indue- 
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tive, such as the winding of a magnetic chuck or the field winding 
of a d-c motor. The two-tube rectifier applies the* same wave- 
shape of voltage to such a load, as shown in Fig. 9 ( 7 , but the 
resulting current flow has a different waveshape than with the 
previous resistance load. Just as a large flywheel turns very 
slowly at first, but gains speed while an engine continues to 
drive it, so the current flow through a large inductance increases 
very slowly; in Fig. 9C the current rises during one cycle after 
another, until the amount of current has reached a value limited 
by only the true resistance of the load. The current flow does 
not stop (as during X in Fig. 9B); instead, the load inductance 
produces a voltage (at Y in Fig. 9C) which forces the tube-i4 
cathode more negative for an instant, so that tube A continues to 



Fig. 9C.- -Two-tube rectifier with inductive load. 


pass current until tube B takes over the load. Similarly, at Z 
tube B is forced to continue to pass current until tube A again 
fires or conducts. 

Just as a flywheel turns steadily, although driven by sudden 
pushes from an engine, so the current flows more steadily through 
this inductive kind of load, although this current is being pro- 
duced by a rapidly changing voltage wave. 

We shall study such two-tube rectifiers as part of the thyratron 
motor controls in Chap. 24. vSimilarly, three-tube and six-tube 
rectifiers are described in Chap. 18, for stored-energy welding. 
Larger power rectifiers must supply current greater than can be 
handled by hot-cathode tubes; for such rectifiers, and for the 
control of larger welders, we need another type of vapor-filled 
tube, called the ignitron, soon to be described. 

9-6. Electron Tubes as an A-c Switch. — Although nearly 
every type of electron tube acts as a re(*tifier^ a pair of tubes can 
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be connected, as in Fig. 9Z), to pass alternating current and to act 
as a single-pole a-c switch. This connection, wherein the anode 
of each tube is connected to the cathode of its companion tube, is 
known as the back-to-back, or inverse-parallel, connection. 
As shown in Fig. 9Z), tube A passes current during the half cycle 
marked A] line 2 is positive during this half cycle, so electrons 
pass from line 1 through the load to point 3 and up through tube 
A to line 2. During those half cycles marked B, line 1 is positive, 
so electrons pass from line 2, up through tube B to point 3, and 

through the load to line 1. In each 
case electrons flow in just one tube, 
cathode to anode; current flows in either 
direction through this combination of 
tubes. 

Unless these tubes have control grids, 
such a circuit serves no purpose, for the 
alternating current flows continuously, 
as if a copper strap were connecting 
points 2 and 3. If the tubes have grids, 
there is no current flow as long as the 
grids are kept sufficiently negative. 
When the grid potential of both tubes is raised, both tubes pass 
current, st) alternating current flow^s through the load. In this way, 
two tubes act together like a single-pole a-c contactor, but have 
the advantages that they are noiseless and have no moving parts. 

If these tubes happen to be high- vacuum tubes (pliotrons), 
their grids can control the amount of current flowing at any 
instant. However, since pliotrons necessarily have low-current 
ratings, they are little used for a-c switching. 

Thyratrons (vapor-filled tubes with control grids) are com- 
monly used to handle as much as 40 amperes per circuit. Since 
thyratrons are gaseous or vapor-filled tubes, we shall see (in 
Chap. 11) that their grids can prevent current flow, but they can- 
not control the amount of current flowing at any instant. When- 
ever the grid permits the thyratron to ^^fire” or pass current, 
the amount of that current is limited only by the external load 
circuit. This current continues to flow during the rest of the 
half cycle or until after the anode voltage reverses. For practical 
purposes, in an a-c circuit we may consider that vapor-filled tubes 
can be grid-controlled so as to either close or open the circuit, 



Fig. 9Z). — Tubes connected 
back-t^-back. 
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9-6. The Ignitron. — ^To control large a-c loads, ignitron tubes 
are commonly used, connected in pairs like the thyratrons just 
discussed. The various sizes of ignitron that are available will 
handle currents from 40 to 10,000 amperes, per pair of tubes. 
Figure 9E shows two ignitrons connected to switch one side of an 
a-c circuit feeding the load of a transformer, such as found in a 
spot welder. Although ignitrons are sometimes used to handle 
steady or maintained loads of hundreds of amperes, their ability 
to carry extremely high currents for a short time makes them 
especially suited to the frequent switching of larger currents. It 
is common practice to use a pair of 
ignitrons to pass several thousand 
amperes for only one or two cycles, 
repeated on and off a hundred times 
per minute. 

The ignitron is a gaseous* tube, 
but it is not a heated or thermionic 
tube. As shown by its symbol in 
Fig. 9Ej it has no filament, but uses a 
pool of liquid mercury as its cathode 
(like most mercury-arc rectifiers), so the enclosure contains 
mercury vapor. If an arc can be started by some means within 
the ignitron, huge quantities of electrons are driven up out of the 
surface of the mercury pool and are attracted to the single large 
carbon anode whenever that anode is much more positive than the 
mercury pool. Notice that the ignitron, like most electron tubes, 
is a rectifier — ^it produces electrons from only one element, the 
mercury pool, so its electrons can flow in only one direction, from 
cathode to anode. So much current may flow in such a tube 
that a large amount of heat is produced during normal operation. 
This heat must be removed from the tube; enough water must 
circulate in the tube water jacket to keep the tube within its 
safe operating temperature limit. In most circuits the contacts 
of a thermal flow switch will prevent the flow of current through 
the ignitrons if the water temperature becomes too high. The 
metal water jacket and tube wall are electrically connected 

* If air leaks into a vapor-filled or gaseous tube, it becomes a gassy” 
tube or “leaker,” and will not operate correctly. A gassy tube passes 
anode current whenever its anode is positive, regardless of its grid or ignitor. 



Mercury 
' ^ pool 

‘Cdthode 
connection 

Fig. 9J&’. — Ignitrons, back-to- 
back, switching a welder load. 
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to the mercury-pool cathode, as shown in the cutaway view in 
Fig. 9F, 



FiCr. 9F. - Igtiiiiou tube cut awiiv to show inside. 


9-7. The Ignitor.-— Unless we furnish some means for starting 
an air inside the ignitron, current cannot How, for no electrons 


Anode 


Mercury vapor 



7/ 777 777 Z 

Mercury^^pool 
cathode 

Fig. 9(r.“ Parts that fii c an 
igniti on. 


are freed from the cathode. In con- 
trast, a thyratron ]>asses current when- 
ever the anode is more positive than 
the cathode and there is no restraining 
grid potential present. With nothing 
connected to its grid, a thyratron may 
l>ass anode current; Avithout an ignitor 
or means of starting an arc, an ignitroii 
cannot fire. 

The ignitor, or starter, is a tapered 
])iece of boron carliide that extends 
down into the mercury pool but is 
not wet by it. As shown in Fig. 9(?, the 
mercury surface is slightly depressed by 
rhe material of the ignitor is selected because' 


the ignitor tip. 

there is considerable resistance (10 to 500 ohms) measured 
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between the ignitor and the mercury pool while they are in direct 
contact. This being true, it is possible to cause a tiny arc*^ 
between the tip and the pool, if enough electrons (40 amperes) 
are made to flow from the mercury into the ignitor. This 40 
amperes needs to flow only for a few millionths of a second, as 
the tiny arc spreads between the cathode pool and the anode, and 
ionizes the particles of mercury vapor in the space between. 
Knough energy is obtained from the arc itself to free other elec- 
trons from the pool to carry any required current, which con- 
tinues to flow until after the anode voltage is reversed at the end 
of that half cycle. Of course, this whole process must be repeated 
for each half cycle during which the ignitron is to pass current. 
Wlien anode current has started, the ignitor arc is no longer 
needed ; we shall soon see that the ignitor current stops as anode 
current starts. 

9-8. Simple Ignitron Control. — The simplest possible arrange- 
ment for controlling ignitrons is shown in Fig. 9H. If you close 
switches S and T at the point marked X (in half cycle A, during 
which line 2 is positive), ignitron A instantly passes current, 
which flows during the rest of half cycle A. However, ignitron 
B cannot pass current until half cycle B (when line 1 is positive) 
and after the current of tube A stops. 

Notice that the circuit through S and the ignitor is in parallel 
with the main cathode-to- anode circuit of tube A. When S 
closes, current first flows through the ignitor and S, causing the 
arc that ionizes the mercury vapor in tube A. This instantly 
permits load electrons to flow directly from cathode to anode in 
tube A . The resistance of this main current path from cathode 
to anode is so much lower than that of the circuit through the 

* Although only a 150-volt drop is needed for starting this arc, this 
voltage is applied between parts that are so close together that an extremely 
high voltage gradient exists, producing an intense electric held, which pulls 
electrons out of the mercury pool. This is the fourth form of electron 
omission that we have encountered: 

1. Thermionic emission, occurring when the cathode is heated. 

2. Photoelectric emission, occurring when certain cathode materials 
rec.eive light energy. 

3. Secondary emission, occurring when the anode or grid is hit by other 
electrons.^'® 

4. Field emission, occurring when a very great electric field is present 
(see above). 

5. Radioactive emission, given off from materials like radium. 
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ignitor resistance and S that the current flowing in the ignitor 
becomes very small. As soon as the current stops flowing in 
tube A and the potential at the anode of ignitron B has become 
more positive than its cathode, tube B is then ‘ ‘ fired in the same 
manner, by electrons flowing first through the ignitor and switch 

r, which instantly makes the 

mercury vapor in tube B able to 
carry the load electrons directly 
from cathode to anode. We see 
that, although the load current 
is carried mainly by the cathode- 
anode circuit, this flow must be 
/^\ f \ started, or “ignited,^' every half 

/ \ / \ cycle separately. In Chap. 13 

\ B / V 7~ we will see how switches S and T 
\J \y are replaced by thyratron tubes. 

Fig. 9H. — Simple method (never to control the Current flow 
used) for firing ignitrons. . v i_ • ‘x j • j 

through the ignitors and provide 
more accurate starting of ignitron tubes. 

9-9. The Ignitor-firing Circuit. — Instead of two ignitor cir- 
cuits controlled by separate switches (as in Fig. 9//), the igni- 
tors can be connected together through a single control contact 
C, as shown in Fig. 9J. With C closed and line 2 positive, elec- 
trons flow from line 1, through the 

load to point 3, from the mercury ^ ^ j 

pool of tube A into its ignitor to 5, 
through contact C and into ignitor 
4, to the mercury pool of tube B, ^ 
to point 2 and line 2. This causes 
the arc between cathode 3 and 
ignitor 5, and fires tube A, which 
immediately passes electrons from 
cathode 3 to anode 2. Although “ fi,7both TgilitroL.^ 

this ignitor current fires tube A 

in normal fashion, these same electrons flow in reverse direction 
in tube B, or from ignitor to pool. Such reverse current definitely 
damages the ignitor and decreases tube life. To prevent this 
reverse current, copper-oxide (metallic) rectifiers^®"^® are added, 
as shown in Fig. 9J. Each rectifier is a stack of copper disks, 
arranged so that they have very high resistance to electron flow 


Fiu. 97. — One contact C 
five both igmtrons. 
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in the ’direction indicated by the syiobol arrow, but they have 
low resistance to opposite electron flow. 

9-10. Ignitron Contactor. — ^Figure 9J shows the circuit used 
in a typical ignitron contactor. The ignitrons, connected back 
to back, close or open only one side of the a-c line. Both 
ignitrons pass current when the control switch is closed. To 
fire ignitron tube 1, electrons first flow ABCDEFGHIJ. This 
current, flowing through ignitor 2>, causes tube 1 to pass elec- 
trons which flow ABCJ, During the follo\ving half cycle, 
ignitor electrons flow first through path JIKHGFECBA, which 
fires tube 2 so that load elec- 
trons then flow JIB A. 

The control circuit EFGII 
carries each ignitor^s current in 
turn. Although this current 
must reach 25 to 40 amperes 
momentarily to fire the ignitron, 
it flows such a small portion of 
each cycle that a 3- or 6-ampere 
fuse serves during normal opera- 
tion. If an ignitron fails to fire 
or becomes ^^hard starting,’^ 
the ignitor current flows a larger portion of each cycle, and blows 
the fuse. In the same circuit, the flow-switch contact opens 
when there is not enough water flowing to cool the ignitrons. 

In Fig. 9J, notice resistor U connected across the welding 
transformer. This resistor is furnished with the ignitron con- 
tactor and is usually a Thyrite^®’^^ unit, to by-pass surge voltages. 
In a circuit using ignitrons or thyratrons, it is desirable to use 
such Thyritc resistors across any inductive load, such as a trans- 
former or a motor field; to be elfective, the Thyrite must be 
connected close to the inductive load. 

9-11. 'Oscilloscope Pictures of Circuit Operation. — Although 
the ignitron contactor just described is widely used, this same 
arrangement of ignitron tubes is also a basic part of more complex 
controls for resistance welders, as described in Chap. 12. In 
service, the performance of such ignitron tubes and thyratrons is 
best observed by means of an oscilloscope. The odd wave- 
shapes seen with the scope” connected in a typical welder cir- 
cuit, are shown in Fig. 9L. To understand these better, we 
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must remember the consiant arc drop^-^ of a vapor-filled tub(», 
and then see how the power factor of the load affects the tube 
operation. 

From experience we know that when a ‘twitch controls a load, 
the entire circuit voltage appears across the open contacts of the 
switch. When the switch closes, no voltage remains across the 
contacts but the cir(*uit voltage appears across the load. Simi- 
larly, ignitrons have circuit voltage between anode and cathode as 
long as no current flows. When these tubes “fire,” the circuit 
voltage disappears from across the tubes and appears across the 
load — that is, all except about 15 volts. A drop ol 15 to 20 volts 
remains across the tube when it pass(>s current; this is the arc 



current 
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drop of a mercury- vapor-filled tube, described above. The 
amount of tul>e current caiuses little change in this arc drop. 

If oscilloscope leads arc connected to anode and cathode ol 
such a tube, the trace of a-c line voltage is seen until th(' tube fires 
When tube current flows, the trace drops instantly to within 15 
volts of the zero center line. Figure 9K shows such a voltage 
trace measured across the tubes in an ignitron contactor. The 
control switch closes at J and opens at K. Here wc assume a 
resistance load (noninductive), so the current is shown in phase 
with the voltage. Notice the current at L, rising suddenly to its 
normal value on the sine wave. Notice also that no current flows 
at il/, because an ignitron cannot pass current until the voltage 
wave rises high enough (at N) to force enough ignitor current to 
cause the arc at the ignitor tip. At least 150 volts may be 
required before the ignitron fires. Notice also that, although the 
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control switch opens at K, the tube does not stop its current flow 
until P, where its anode voltage reverses. 

9-12. Operation with Welder Load. — For comparison with Fig. 
QiC, the curves in Fig. 9L show how the ignitron contactor behaves 
when it passes current to a welder transformer, which is a lagging- 
power-faotor load and is highly inductive. When current flows, 
it lags behind the voltage by the amount R. When the control 
switch closes at Q, the current does not increase suddenly at S, 



Fig. 9L. — Waveshapes oi luiitactoi witfi weldt*i load. 


for the welder inductance (acting like a flywheel) prevents any 
sudden current change. Instead, the current incr(‘ases gradually, 
like a sine wave. As soon as this current starts, the voltage across 
the tubes immediately decreases to the 15-volt arc drop. Notice 
that, although the circuit voltage reverses at tube 2 does not 
stop nor does tube 1 start at this point. Instead, tube 2 con- 
tinues to pass current later than T, for the energy stored in the 
inductance of the welder transformer forces this current to flow 
until U, 

Meanwhile, as long as tube 2 continues to pass current, the 
anode-to-cathode voltage of both tubes is only 15 volts, which is 
not enough to fire tube 1. When the tube-2 current stops at U 
(since no energy remains in the welder transformer to cause 
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further current flow), suddenly the entire voltage V becomes 
available across tube 1. This voltage V quickly forces current 
through tube-1 ignitor and fires tube 1. This all occurs within a 
few microseconds — so fast that the voltage trace on the oscillo- 
scope does not have time to reach the line voltage curve at V but 
returns to the arc-drop voltage at W. Tube 1 now carries all the 
current until, at point X, the current dies out and voltage Y is 
then able to restart tube 2. At X, the control switch is opened, 
but tube 2 continues to pass current until the end of its half 
cycle. As this current stops, voltage Z appears across tube 1, 
but it cannot restart tube 1, for the ignitor circuit is now open. 

During every instant that tube current flows, voltage is applied 
to the welder transformer. If the oscilloscope leads are con- 
nected across the welder-transformer primary, a trace appears 
similar to the lower curve in Fig. 9L. 

9-13. Ratings of Vapor-filled Tubes. — Since an ignitron con- 
tactor consists mainly of a pair of big tubes, we naturally must be 



Fig. 9M. — Rating curves of ignitron tubes (a pair) at 230 and 460 volts. 

concerned with the methods of rating and selecting these tubes. 
Although the final answer depends on the use of curves* in Fig. 
91f, several vital points should be emphasized here. 

For use mth resistance welders, the four standard sizes of 
ignitrons (also known as size A, size B, size C and size D) can 
carry continuous loads of 50, 120, 300 and 800 amperes per pair 
of tubes, at voltages between 200 and 500. However, at 50 per 
* For more complete discussion of ignitrons and their selection for various 
load conditions, refer to Chap. 5 of ** Electronic Control of Resistance 
Welding,'^ McGraw-Hill Book Company, Inc., New York, 1943. 
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cent duty, these ratings become twice as great. In contrast, the 
rating of a motor or transformer operating at 50 per cent duty 
increases only 41 per cent, because the heating increases as the 
square of the load current. To explain why the ignitron rating 
doubles, recall that the arc drop*"^ of a gaseous tube carrying 
little current is the same number of volts as when it is carrying 
full or overload current. Since arc-drop voltage E is constant, 
and E = IR (or voltage equals current multiplied by resistance), 
then the internal resistance of the tube must be decreasing as the 
current increases. In this way a vapor-filled tube does not 
behave like ordinary current conductors, but the heating of the 
tube increases only in direct proportion to the load current. As 
a result, all vapor-filled tubes are rated in average amperes 
instead of amperes rms. At duty cycles below 50 per cent, heat- 
ing is not the only limiting factor, as is shown by the left-hand 
portion of Fig. 9iif . 

9-14. Averaging Time. — Speaking of a motor operating at 
50 per cent duty, we think in terms of overloading the motor for 
perhaps 30 min during each hour. Experience warns us not to 
overload the motor for one day continuously, followed by 
one day of rest, even though this is still 50 per cent duty. We 
know this 50 per cent applies to a reasonable time, such as 1 or 2 
hours, which is the ‘^averaging time^^ during which the motor 
can safely store up excess heat with the hope of radiating it during 
the following periods ol light load. All electron tubes likewise 
have a value of averaging time, and it is very short — a matter of 
merely seconds, not minutes or hours. Electron tubes have no 
mass of metal comparable to a motor of equal current rating, so a 
tube reaches damaging temperatures, in less than a minute of 
overload operation. Ignitrons selected for 50 per cent duty may 
carry their larger current for 1 out of 2 sec, but not for 1 out of 2 
min, for this exceeds the published averaging time of the tube. 
Electron tubes may do wonders, but they still have load ratings 
or limits like other electric equipment. 

The ignitron contactor is used mostly as a welding control; it 
can be used in other a-c circuits, where currents must be quickly 
started or broken. The ignitron contactor also permits the 
gradual control of the amount of alternating current supplied to 
a load, if the ignitrons are controlled by phase-shifted^' thyra- 
trons, as described in Chap. 13. 
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Questions 

1. In Fig. 9Bj if an a-c voltmeter reads 600 volts between 3 and 5, what 
does it read between (a) 3 and 6? (5) 3 and 7? (r) 5 and 7? (d) 4 
and 5? (e) 4 and 6? 

2 . In Fig. 9/, if a good voltmeter is connected between the following 
points, while the control switch is open, docs the voltmeter read zero, full 
line voltage or part voltage (because of the drop in tubes, rectifiers, welder 
or fuse)? 

а. Voltmeter between G and /f. 

б. Between metal shell of tube A and metal shell of tub(^ B 

c. Between J and B, 

d. Between G and A, 

e. Between D and K. 

3 . If the fuse in Fig. 9/ blows, which may be the trouble? 

а. The control switch is closed too long. 

б. A rectifier is shorted, between D and E. 

c. An ignitron is hard starting. 

d. A rectifier is shorted, between // and 7. 

e. An ignitron is gassy. 

Trtie or false? Explain why, 

4 . Current in a capacitor can change instantly. 

6 . Voltage across an inductance or reactor can change instantly 

6. Voltage across a capacitor can change instantly. 

7. An ignitron will fire if its ignitor becomes positive. 

8 . A two-tube, full-wave rectifier (without filter) furnishes a sniootli 
flow of din'ct current to a resistance load. 

9 . Four ignitrons would be needed to close both sides of an a-c circuit, 
like a two-pole contactor. 

10, When two ignitrons are connected in parallel, or two thyratrons ar(‘ 
connected back to back, only one tube passes current at any instant. 
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OBTAINING D-C POWER SUPPLY 
FOR TUBE CIRCUITS 

Most electronic equipments operate from alternating-current 
suppb^, for convenience. Within these (equipments, most of the 
tube circuits use direct current (or (l-(* voltage) to give best 
results. Therefore, the first part of a complete electronic cir- 
cuit (whether it be a radio, a synchronous welding control, an 
oscilloscope or a high-speed ph(3toelectric relay) is quite likely to 
be a rectifier tube combined v\dth other devices, whose only pur- 
pose is to (‘onvert part of the a-c power into a d-c supply suitable 
for other tube circuits. When an electronic equipment must give 
more accurate response and be sensitive to very tiny changes of 
control signal, the built-in d-c supph^ voltages must be carefully 
])rotect(^d Irom changes caused by disturbances other than the 
signal it sell. As an example of an electronic equipment that uses 
many such circuit refinements, we examine a photoelectric 
pyrometer. 

10-1. Photoelectric Pyrometer. — This equipment responds to 
the heat or temperature of white-hot metal or other material, so as 
to close an alarm circuit if the material becomes too hot. Instead 
of using a thermometer or a thermocouple*^®" exposed to 
the heat, this pyrometer uses a phototube (quite like the one in 
Sec. 3-8 or 8-7), which looks at'^ the hot metal. When the 
metal is cool, very little current flows through the phototube; as 
the temperature increases, the current through the phototube 
increases. At high temperatures, a change of only 5 or 10 degrees 
produces a change in phototube current; however, this current 
change is so small that its effect is lost unless the entire circuit is 
kept at steady voltages throughout. 

The complete circuit of such a photoelectric pyrometer is shown 
in Fig. lOA, where phototube 4 is receiving the radiation from 
the hot metal. As would be expected, this circuit appears at 
first to be quite complex and difficult to understand. We hope to 
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show that its basic circuit is simple, but that many parts have 
been added so as to give a very good d-c power supply and to 
brace the circuit against unwanted signals. This is like a 
precision gauge, set up to detect or measure a movement of 0.0002 
or 000 inch; if the floor or the table under the gauge vibrates or 
moves Hooo inch, how can you hope to detect a movement 
smaller than this unwanted disturbance? 

10-2. Basic Circuit Operation. — Robbed of all its protective 
refinements, this pyrometer circuit is shown in Fig. 105. The 
rectangle at the left contains the d-c power supply, which fur- 
nishes steady voltage between points 4 (top) and 2 (bottom). 
Phototube 4 and resistor 7R arc connected across this steady 



voltage and act as a voltage divider, whose middle connection 
8 is at the control grid of tube 3. When phototube 4 looks at^^ 
cool metal, so little current flows through the phototube and 772 
that the potential at grid 8 is nearly as low as point 2; by adjust- 
ment of the slider of 472, the cathode potential of tube 3 is made 
much higher than grid 8, so that tube 3 passes no current. 
Therefore, no current flows through the milliammeter MA or 
resistor 672; with no voltage drop across 672, point 7 is at the 
high (positive) potential of point 4. By moving downward the 
slider of 272, the grid of tube 5 is made more negative than point 7 
(cathode), until tube 5 does not fire or pass current; relay C72 is 
not picked up, or energiaed. 

When hotter metal causes phototube 4 to pass more current. 
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which must also flow through TiB, then the grid potential at 8 
rises and turns on or increases the current flow of tube 3. These 
electrons flow from negative point 2, through 472 to point 6, from 
cathode to anode of tube 3, and through MA and 672 to positive 
point 4. This current causes a voltage drop across 672, so that 
the potential at point 7 decreases, lowering the cathode of tube 
5 until its grid (held constant at point 5 on 272) is able to “fire'' 
tube 5. Notice that the anode voltage of tube 5 is supplied by 
transformer 2r, so that tube 5 operates on alternating current, 
although its grid voltage is obtained from the d-c system (between 
points 5 and 7). Tube 5 is a thyratron (vapor-filled tube with 



Fig. lOi?. — Simplified pyrometer circuit. 


grid control); in Chap. 11 we shall see why it needs a separate 
a-c supply. For the present, we point out that the anode current 
through tube 5 increases suddenly, picking up relay Clt when the 
voltage between cathode 7 and grid 5 has decreased to just the 
right amount to “fire" tube 5. 

Using an optical pyrometer to show the actual temperatures in 
degrees, you set 272 and 472 so that tube 5 does not fire while the 
metal is just hot enough;* when it gets too hot, the slightly 
increased light reaching phototube 4 causes tube 5 to fire, picking 
up C72 to close the alarm or correction circuit. 

* The indicating meter is marked to show the temperatures corresponding 
to different amounts of current through tube 3, Meter MA helps in 
adjusting 47^. 
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10-3. Complete Pyrometer Circuit. — Returning to Fig. 10-4, 
the left-hand side shows that the d-c supply is provided by recti- 
fier tube 1 and its filter; such filter circuits, which remove the a-c 
ripple or hum,'^ are explained below. The resulting d-c voltage, 
between points 3 and 2, still may be disturbed by changes in a-c 
supply voltage, so we add voltage-regulator tube 2 and its buffer 
resistor 1/?, to produce more constant voltage between points 

4 and 2, as explained in Sec. 10-6. By addition of SA* and 57^ in 
the voltage divider, the voltages at sliders 5 and 6 are held within 
desirable limits, so that 2R and 477 provide easy adjustment. 

Notice that tube 3 in Fig. 104 is a pentode,^-® whose screen is 
connected to positive point 4, and its sui)pressor is connected to 
the cathode; this type of tube gives an output (or amount of 
current flowing through 6/7) that is not affected by changes of 
anode voltage at point 7. To prevent any change in a-c filament 
current that might disturb the anode current of tube 3, notice 
the ballast tube 6, which holds constant current in its own cir- 
cuit. As will be explained in Sec. 28-15, this ballast tube is not 
electronic. 

Capacitor 5C steadies the voltage a(*ross 67? and prevents tube 

5 from being fired by any momentary increase in tube-3 current. 
Near tube 5, resistor 10/7 limits the amount of grid current; the 
2T secondary winding (between points 7 and 10) is mentioned 
later. 

Having vseen how this i)yroineter circuit is improved by th(\se 
added features, now let us study the d-c power supply with its 
filter and regulator. 

10-4. Filtering . — The circuit producing this direcd current is 
shown again in Fig. IOC. Here Ave find a rectifier tube (pre- 
viously met in Sec. 2-10) and its center-tapped anode trans- 
former, which converts alternating voltage into a pulsating d-c 
voltage. Lower in Fig. IOC, Ave see that the output voltage 
(Avithout filter) consists of half cycles,' all above the 0 line; it is 
no longer a.c. but neither is it d.c. It produces pulsating current, 
which can be used for some d-c purposes but is not suitable for 
most tube circuits; it must be filtered to take out the unAvanted 
ripple, or curve, that remains of the a-c waveshape. Just as 
a country gravel road becomes a rough ‘Svashboard^’ surface, 
Avhich makes an automobile vibrate, so the ripples in this pulsat- 
ing current can shake or disturb a tube circuit. Also, just as the 



Sec. 10-4] 


OBTAINING D-C POWER SUPPLY 


95 


rough road is made smooth by scraping the ridge tops down into 
the grooves, or hollows, so this pulsating current is smoothed by 
electrical devices that take energy from the high spots and dis- 
charge or lay this energy into the low spots of the pulsating wave. 
As is shown in Fig. IOC, this smoothing of the voltage or current 
is done by making the tube-1 current pass through a reactor X, 
and by connecting capacitors 2C and 3C from X to the other 
(negative) side of the load. This combination* is called a pi 
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Fia. IOC. — D-c power supply — rectifier with pi filter. 


filter, because the parts are arranged on the diagram so as to 
resemble the Greek letter pi (tt). 

This reacitor X is made of wire, wound on an iron core, so that 
X has a large amount of inductance. This inductance tries to 
maintain a steady current through its winding, by storing energy 
during moments when current increases and then discharging 
this energy to help a decreasing current. So X helps to smooth 
the current wave by reducing the high spots and filling the low 
spots. 

Similarly, capacitors 2C and 3C help to smooth the voltage 
across the load by charging or storing energy during the high- 
voltage parts of the wave (such as A in Fig. IOC) and then 
discharging this energy into X or into the load, during the low- 
voltage periods such as B, 

The operation of a full-wavef rectifier with its filter circuit is 

* Sometimes a resistor is used in place of X. 

t Although classed as a biphase half-wave rectifier, this tube passes 
current during both halves of an a-c voltage wave. 
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like that of a two-cylinder water pump, equipped with surge tanks 
and a heavy paddle wheel, as shown in Fig. lOD. In each 
cylinder, the piston forces water into the pipe during its forward 
stroke. Just at the time when the pistons change direction, there 
is no force. The resuH is a pulsating water pressure, which is 
smoothed by the surge tanks and the paddle wheel. While 
one piston is in the middle of its forward stroke, its force starts 
the paddle wheel turning and also pumps water into tank A, 
Although at the end of the stroke there is no force from the 

pump, the heavy paddle wheel still 
tries to turn at the same speed 
and pass the same amount of 
water between its vanes. This 
water is supplied from tank A, 
and this lowers the water level 
there until the pump can again 
force water into the pipe and 
restore the water level in A. It is 
natural for the heavy paddle wheel to try to turn at constant 
speed and pass steady water flow, just as it is natural for an 
inductance or reactor X to try to pass steady flow of current. 
The water leaving the paddle wheel may still have small pressure 
changes, and these are further removed by the smoothing action 
of tank Bj which receives water during any instant of higher 
pressure and discharges the water into the line at any instant of 
lower pressure. 

10-6. Voltage Output from a Filter. — ^The d-c voltage output 
from a filter depends on the a-c voltage supplied to the rectifier 
tube anodes; the filter arrangement and the amount of d-c load 
also ^vill change this output voltage. As a rough figure, a d-c 
voltmeter across the load (at D in Fig. IOC) reads about the same 
number of volts as an a-c voltmeter (connected at C (across one- 
half of the anode transformer). This is also shown by the upper 
curve in Fig. IOC; at an output current of 75 to 100 ma, the out- 
put voltage from this pi filter is about 300 volts d.c., whereas the 
a-c voltage (at C in Fig. IOC) is 300 volts rms (as read by the usual 
a-c voltmeter). Notice that, as the d-c load decreases, the 
filter output voltage D rises toward 425 volts, which is the crest®-® 
value of the voltage applied at C. 

To make clear why the filter-output voltage {D in Fig. IOC) 



Fig. lOX). — Water system, acting 
like rectifier and filter of Fig. IOC. 
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rises as the load decreases, the solid upper curve in Fig. lOE shows 
how the voltage changes across capacitor 2C while the d-c load 
is 100 ma; when this load is almost zero, Fig.lOF shows the result. 
In both diagrams we see that capacitor 2C is charged to the 425- 
volt crest value of the a-c wave. At point K this a-c wave 
decreases faster than capacitor 2C can discharge, so current 



\ TUBE I ; 
Current flows 


Fig. 10^. — Waveshapes of lectihei and filter at heavy load 

through tube 1 stops; 2C continues to supply all the current needed 
by the load, until the other tube anode passes current, at L. When 
supplying a d-o load of 100 ma, the capacitor 2C loses its voltage 
quickly, decreasing to L in Fig. lOE, As a result, the average 
height of the voltage across 2C is much lower than the crest 
voltage. The corresponding output voltage of the filter, after 
being smoothed by X and 3C, is slightly below this average 



I Ubt I 

''Current flows'' 


Fig. lOF. — Waveshapes of rectifier and filter at light load. 

voltage in Fig. lOE, In contrast, when there is very little d-c 
load, capacitor 2C does not need to give up much of its charge or 
lose its voltage. Figure lOF shows that the voltage across 2C 
remains very close to the crest of the a-c voltage wave, so that the 
average voltage of 2C is also high; the filter output is nearly the 
same as the 425-volt crest input. 


98 


ELECTRONICS IN INDUSTRY 


[Chap. 10 


The shaded portions in Figs. lOE and lOF show that tube 1 
passes current in spurts, or during only part of each cycle. This 
is satisfactory for low-current d-c supplies, using high- vacuum 
rectifier tubes. When a vapor-filled rectifier tube is used with a 



Fig. lOCr I iltci voltage output as tlie load (hanges. 


filter to supply a larger amount of direct current, the high momen- 
tary currents needed for charging capacitor 2C may be prevented 
if 2C is omitted, as next described. 

When only reactor X and capacitor 3C are used, as shown in 
Fig. 10/7, this arrangement is called an 
L filter. Here the current flowing in X 
flows also in tube 1 at the same instant. 
Since it is natural for inductance X to 
keep current flowing quite steadily 
through its own winding, this action 
also keeps current flowing continuously 
through tube 1 . Moreover, as long as 
there is considerable load current, the 
crests of the a-c voltage w^ave do not 
reach capacitor 3C ; instead, the output 
voltage of this L filter is close to the 
average value of the a-c supply w^ave, as shown in Fig. 
1(X?.* How^ever, if the d-c load current becomes small, 

* Eastman, A. V., “Fundamentals of Vacuum Tubes,*’ 2d ed., p. 198, 
McGraw-Hill Book Goinpany, Inc., New V'ork, 1941. 
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Fig. 10^. Rectifiei with L 
filter. 
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reactor X loses its ability to smooth the voltage wave; the crest 
of the a-c wave them reaches 3C, (as though X were not in the 
circuit) and the load voltage rises sharply toward the 425-volt 
point. In practice, the L filter is kept loaded and gives less 
variation of output voltage than the pi filter. 

Some kinds of load act also as filters, since such loads contain 
enough inductance or capacity to smooth the current flow, l^his 
action is described in Sec. 9-4, where a highly inductive motor- 
field winding takes time to build up the flow of field current (in 
Fig. 9C) and then continues to draw a steady flow of current 
through the rectifier tubes. 

10-6. The Voltage-regulator Tube. — After alternating current 
has been rectified and filtered, producing a smooth d-c voltage 
supply (as between points 3 and 2 in Fig. 10^4 ), the amount of this 
voltage still may change, owing to dips or variations in a-c supply 
voltage, or owing to changes in the d-c load passing through the 
filter. By adding tube 2 and resistor IRy as shown again in Fig. 
10/, we obtain a sljeady d-c voltage between points 4 and 2. 
Although the input voltage E may change from 130 to 150 volts, 
the output voltage PJE remains at 90 volts; the slack, or 
difference, appears across resistor 1/?, changing from 40 to 60 
volts in this example. In this photoelectric pyrometer circuit 
(Fig. 10 A) tube 2 is a type-874 voltage-regulator tube. Because 
of its electrode construction and the argon gas that fills its enve- 
lope at low pressure, this cold-cathode tube has a natural drop of 
90 volts between anode and cathode; to do this, a current of 10 to 
50 ma must flow through the tube at all times. Let us watch it 
work. 

For a moment, in Fig. 10/, let us disconnect the load resistor 
LRj so that only tube 2 is in circuit with resistor IR. If input E 
is 130 volts, this entire voltage is applied across tube 2 until 
current starts to flow. The natural action of tube 2 is to pass 
enough current so that only 90 volts will remain between its anode 
and its cathode; this current, flowing also through the 1000 ohms of 
I/?, must be of the right amount to absorb the difference between 
130 volts and 90 volts, or 40 volts. By E/R, or dividing 40 volts 
by 1000 ohms, we find that 0.04 amp or 40 ma must flow through 
resistor IR (and tube 2), so that only 90 volts remain across tube 
2. If voltage E rises to 140 volts, tube 2 instantly responds by 
increa v'lig its current flow to 50 ma; this greater current, flowing 



100 


ELECTRONICS IN INDUSTRY 


[Chap. 10 


through IR, increases the voltage across IR to 50 volts; the 
voltage across tube 1 remains at 90 volts, while the 10-volt 
increase is absorbed across 122. 

If we now reconnect or add the resistor LR (in Fig. 107), which 
represents any voltage-divider or tube load connected to the 
regulated 90-volt d-c supply, notice how regulator tube 2 
responds. If E is 130 volts, and LR totals 4500 ohms, the drop 

across 122 is still 40 volts, and the 
current through 122 is still 40 ma. 
However, part of this current now 
flows through LR, equal to 90 
volts/4500 ohms equals 20 ma. 
When we add this 20-ma load 
drawn by L22, the current through 
122 tries to increase and cause 
greater drop across 122, to decrease 
voltage EE. But tube 2 immedi- 
ately decreases its own current, 
now drawing only 20 ma, so that 
the total current through tube 2 
and LR is again 40 ma; EE remains 
at 90 volts. 

Similar to this 90- volt tube (type 
tube^ voltage- 374) there are voltage-regulator 
tubes containing other kinds of gas 
or different electrode shapes, which naturally hold other constant 
voltages; the 75-30, the 105-30 and 150-30 tubes hold about 75, 
105 or 150 volts, when 5- to 30-ma current flows through them. 
About 35 volts greater than the working voltage must be used to 
start any tube. Here recall that a mercury- vapor-filled thyratron 
acts also as a voltage-regulator tube; with a heated or pool cath- 
ode, it holds only about 15 volts from its anode tO its cathode.^’^ 

Two or more voltage-regulator tubes may be used in series, 
supplied from one higher voltage d-c source, and using one buffer 
resistor (see Fig. 242)). A regulator tube appears in some indus- 
trial circuits, not as part of the d-c supply, but merely to limit or 
to hold constant the voltage between two points in the circuit 
(see Fig. 177). 

10-7. Cold-cathode Tubes. — As shown by the symbol of the 
voltage-regulator tube 2 in Fig. 107, it has an anode and a cath- 
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ode;* however, no filament is used and the cathode is not heated. 
Such a cold-cathode tube shows a colored glow (red for neon gas, 
purple for argon, etc.) as soon as the starting voltage is applied to 
the tube terminals. The cathode, or negative electrode, glows 
more brightly as more electrons cross to the anode. In any such 
gas- or vapor-filled enclosure, some of the gas particles are already 
charged (ionized®"^) ; when the starting voltage is applied, these 
charges move with enough speed to ionize the other particles and 
supply the needed flow of electrons. However, without enough 
starting voltage, the tube acts as an open circuit; if the voltage 
across the tube becomes less than its working voltage, so that 
the tube's electron flow becomes too small, the tube again 
becomes an open circuit. 

The cold-cathode tube 2, in the d-c circuit of Fig. 10/, is asked 
to pass current in only one direction. Since both the anode and 
the cathode are cold, we might expect that electrons would be 
emitted equally well from either electrode and that this tube does 
not naturally rectify. However, most regulator tubes have large 
cathode surfaces and small anodes, so that lower voltage is needed 
to cause electron flow from cathode to anode than in the opposite 
direction. 

A small neon or argon glow lamp is also a cold-cathode tube, 
and may act as a voltage regulator. Such a lamp may have two 
electrodes of equal size and shape; either electrode may glow, but 
only when that electrode is much more negative than the other 
electrode. With a-c voltage applied to such a lamp, both elec- 
trodes glow; in a d-c circuit, only the negative electrode glows. 
Such a lamp may serve as a signal to show that the voltage across 
its terminals is greater (lamp lit) or less (lamp dark) than a 
certain voltage. 

10-8. Disk Rectifiers for D-c Power Supply. — ^Although not 
electronic, these rectifiers (copper-oxide and selenium units 
described in Sec. 28-13) are often used instead of electron tubes, 
especially when direct current is needed at less than 80 volts. A 

* Although only two base pins are used for connections to tube electrodes, 
two other base pins may have an internal connection between them (as shown 
at A in Fig. lOA). If the voltage-regulator tube is removed from its socket, 
the output voltage {EE in Fig. 10/) may rise too high. Therefore, this 
circuit in the tube base, from one pin to the other, is connected into the 
d-c supply circuit between resistor IR and point 4. Now when tube 2 is 
removed, there is no voltage at EE. 
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Fig. 10/. — Full-wave disk-rectifier bridge. 
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half-wave rectifier appears in Fig. 82), where capacitor 1C acts as 
a filter to hold 80 volts for the grid circuit of tube T. 

A common connection of disk rectifiers is shown in Fig. lOJ, 
using groups of disks (each shown by the symbol -H-) arranged 
in a four-sided bridge. Notice no center tap is used on the anode 
transformer. When transformer terminal 4 is positive, electrons 
flow from terminal 1, through rectifier A to point. 2, through the 
load to point 3 and through rectifier B to terminal 4. During 
the next half cycle, electrons flow from 4 through rectifier C to 
point 2, through the load and rectifier D to point 1. A similar 
arrangement of four tubes is described in Sec. 20-6. 

Another arrangement, shown in Fig. IGiiT, uses disk rectifiers 
in a voltage-doubler circuit. (Figure 52) is a similar circuit, 
using tubes.) When transformer terminal 1 is positive, electrons 
flow from terminal 3, charging capacitor ir and returning from 
point 4 through rectifier A to 1. During the next half cycle, 
electrons flow from terminal 1 through rectifier B to point 2, 
charge capacitor 2C and return to terminal 3. Each capacitor 
charges to the crest^-^’’ of the transformer J-to-3 voltage, so the 
total voltage supplied to the load averages nearly twice this 
crest voltage. 

Questions 

1. Near tube 1 in F'jg. lOA, if voltage H is never greater than 130 volts 
a.c., how much current flows in tube 2? 

2. In Fig. 107, if resistor 3 R is changed to 400 ohms, what effect will this 
have on tube 2? 

3 . In Fig. 10/, if rectifier A is shorted, what change occurs (a) in the 

voltage across the load? (6) in the current Through />? (c) in the current 

through B? 

4 . Assume that the transformer supplies 600 volts in Fig. 9B (between 3 
and 5), or supplies 400 volts in Fig. 10/ (between 1 and 4), or supplies 
300 volts in Fig. lOK (between 1 and 3). Draw sketches to show which 
load receives the largest voltage. Which receives the smallest voltage? 
(Assume zero loss or drop in the tubes and rectifiers.) 

True or false? Explain why. 

5 . A voltage-regulator tube is a thermionic triode. 

6. A center tap is needed on an anode transformer that supplies (a) a 
two-tube rectifier; (Jb) a four-tube bridge rectifier. 

7. All vapor-filled tubes have about 15 volts drop. 
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THYRATRON TUBES 

Hot-cathode tubes containing mercury vapor or gas are 
described in Chap. 9, whore they are used mainly as rectifiers, and 
called phanotrons. Such a vapor-filled tube can be controlled by 
adding a grid; this grid-controlled gas tube is the thyratron, per- 
haps the most important tube of industrial electronics. 

11-1. Can a Thyratron Replace a Pliotron? — small thyratrofe 
may have the same size, appearance and socket connections as a 
high-vacuum, or pliotron, tube. So why not try a thyratron in 

place of the pliotron T in the 
d-c photoelectric relay of Fig. 
3fr? For convenience, this 
diagram is shown again in Fig. 
11 A. First let us recall the 
circ.uit operation, while T 
is a high-vacuum tube. A 
gradual increase in light and 
phototubc-P current gradu- 
ally raises the grid potential 
of tube T, increasing its anode 
If the light then decreases, 
phototube P lowers the grid potential of tube T, which decreases 
the current through CR coil until CR drops out. 

Now substitute a thyratron tube in place of pliotron T. We 
observe that the thyratron\s filament becomes red hot, just like 
the pliotron^s filament. We also find that the thyratron passes 
no current if the phototube has been kept dark, keeping the 
thyratron grid negative. When enough light strikes the photo- 
tube, the thyratron suddenly passes current, energizing relay CR. 
A faint purple glow is seen in the thyratron. We now darken the 
phototube, but find that it cannot shut off the thyratron or drop 
out CR, Since the circuit of Fig. IIA operates on direct current, 
the only way vve can stop the thyratron^ current flow is by open- 
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ing the anode circuit (as by disconnecting battery B), After 
so stopping the tube current and restoring connections, we find 
that the dark phototube has regained control and prevents the 
restarting of the thyratron. Very gradually increasing the light 
on the phototube, we detect no sign of tube current until very 
suddenly it again passes full current and picks up CR, and again 
the phototube has lost its power to control the thyratron. These 
observations make us curious, and we need an explanation. 

11-2. Thyratron Performance. — We already know the main 
difference between the thyratron and the pliotron — the thyratron 
has a gas or a vapor inside. Both tubes produce electrons from 
a heated filament or cathode; each requires that its anode be 
positive, to cause current to flow; each can prevent the start of 
current flow if its control grid is sufficiently negative. The differ- 
ence between the tubes appears only when the current has started 
to flow. In the high- vacuum type, we learned^’ ^ that the current 
flow consists of millions of electrons streaming from the heated 
cathode, and that this flow of electrons can be increased or 
decreased by changing the potential of the grid. In the thyra- 
tron, the electrons can be similarly repelled by the grid, to pre- 
vent the start of current flow. But when the grid has permitted 
a few electrons to start their trip toward the anode, another 
action occurs. As described in Sec. 9-2, the gas becomes ionized 
— each gas particle itself becomes able to help the electrons flow 
toward the anode. In football language, the gas particles become 
blockers, to run interference for the electrons and to prevent the 
grid potential from reaching or influencing the electron flow. 
With this help from the ionized gas particles, which decreases the 
resistance to electron flow, billions more of electrons are able to 
reach the anode than would be possible in the same tube if the 
gas particles were not present. Therefore, the vapor-filled thyra- 
tron is rated to carry larger values of current, in contrast to 
smaller values carried by the same size of high-vacuum tube. 

When the thyratron starts to pass current, it immediately 
swings into full action, passing all the current that its external 
load circuit will permit. The thyratron has a trigger action 
similar to a mousetrap, and cannot be reset or turned off merely 
by working the trigger. In contrast, the high- vacuum pliotron 
(similar to most radio tubes) acts more like a water faucet or a 
valve, which controls the amount of flow and retains the power 
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to shut off the flow entirely. So, by substituting a thyratron in 
Fig. 11 A, we obtain snap action (so that the tube passes full 
current when the grid potential rises to some critical value). At 
the same time, we lose the power to turn off the tube and reset 
C/2, but that will not bother us when we see later how the thyra- 
tron works on alternating current. * 

Figure \1B shows the critical value of grid potential that per- 
mits one kind of thyndronf suddenly to fire or pass current 

For example, the slanting line 
shows that, with grid potential of 
— 4 volts, the tube passes no cur- 
rent when anode voltage is 300, but 
it passes total current when the 
anode voltage rises to 400. Simi- 
larly, holding 400 volts steadily at 
the anode, this thyratron does not 
fire when its grid potential is —5 
volts, but it fires suddenly when the 
grid potential is raised to —4 volts. 

11-3. A Thyratron Photoelectric 
A-c Relay. — Now we are ready to 
watch the thyratron operate in an 
a-c circuit. Figure HE includes 
the thyratron and phototube in the 
circuit of a photoelectric relay, such 
as is shown in Fig. IIC. In the 
preceding discussion, light falling 
on the phototube turned on the 
thyratron. In this circuit (Fig. HE), a decrease of light turns on 
the thyratron and energizes the relay. (The dot shown inside 
the tube indicates that the tube contains gas or vapor and gives a 
clue to its operating characteristics.) 

Like other tubes, the thyratron acts as a rectifier, so tube B in 
Fig. HE can pass current only during the half cycle when trans- 

* D-c anode voltage may be purposely used with a thyratron, so that it 
will continue to fire until reset by opening its anode circuit. 

t The curve of Fig. 115 applies to a negative-control type of thyratron, 
for its grid must be kept more negative than its cathode, to prevent anode 
current from flowing. In contrast, a positive-control thyratron has no anode 
current until the control grid is made more positive than the cathode, i®-* 



Fig. 115. — Tiipping point oi 
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former terminal 2 is positive. Such electrons flow from terminal 
3, through tube B and CR coil to 2. The a-c supply to tube B 
is shown in Fig. IW, wherein the voltage of half cycles 1 and 3 
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Fig. IK’ -Photoelect hc rela\ (CK7505-K100, co\ei leinoved). 

can force anode current through tube B (if its grid is A\illing), but 
the voltage of half cycles 2 and 4 cannot produce any flow of 
anode current, for here the anode is more negative than the 
cathode. 

Suppose that the grid permits 
thyratroii B to pass current 
dining half cycle 1, but the grid 
))ecomes much more negative 
during the interval marked D. 

Does thyratron B continue to 
pass current during half cycle 3 
also? Remember our earlier 
experience with the d-c circuit of Fig. 11^4, where we were unable 
to regain light control of the thyratron current, once it was 
started by its grid. Similarly, in Fig. IID, when the thyratron 
is ])ermitted to start current flow at any point in half cycle 1, its 
grid is powerless to stop current How during tfiat entire half cycle. 
But notice that in half cycle 2 the negative anode voltage stops 
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the tube current just as effectively as if we disconnected the anode 
circuit for the same length of time. Therefore, during interval 
Z), the thyratron tube has enough time to return to its original 
condition. This means that, with tube current temporarily 
stopped, the gas particles lose their ionization, or charge. By 
the time that anode voltage rei^urns at the beginning of half cycle 
3, the grid has regained its control over the electrons and can 
prevent the thyratron from starting to pass current. 

So we sec that, when operating on 60-cycle a-c power supply, 
the grid is given 60 chances each second to permit or to prevent 
current flow in the thyratron. Most thyratrons need about 
M 0 0 0 second for deionizing the gas. * If the anode voltage returns 
before the gas particles completely regain their normal inactive 
condition, the tube immediately fires, disregarding its own con- 
trol grid. 

11-4. Thyratron Control by Phototube. — Returning now to 
Fig. llEy we find thyratron tube B waiting to be told by its grid 

(not more than once each cycle) 
whether it is to pass anode cur- 
rent or not. Let us see what is 
happening in the grid circuit of 
tube B. Here we find phototube 
Ay which passes current only 
when light shines on its rounded 
cathode. With no light, there 
is no current, and phototube A 
acts as an open circuit. Since no 
current now flows through 1/2, 
the grid of tube B is at the same 
potential as its cathode 3, so tube B passes current during each 
positive half cycle; when 2 is (+), 3 is ( — ). We must recall 
that when enough light shines on phototube A so that it passes 
current, the phototube also acts as a rectifier. (Since only its 
cathode is made of light-sensitive metal, the electrons released 
by light can flow in only one direction in the tube, and this occurs 
only during the half cycle when the phototube anode is positive.) 

Figure HE shows that the cathode of phototube A is connected 

*This “deionization time^' is the length of time that must pass (after 
anode current stops) before the grid or ignitor can regain control of the 
vapor-filled tube. 
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to the supply transformer at point 4, whose potential is some- 
where between that of terminals 2 and 3. Therefore, during 
those half cycles (1 and 3 in Fig. IID) when tube B can pass 
current, we find that the cathode of phototube A is more positive 
than its own anode, so A cannot pass current during these half 
cycles, whether it is illuminated or not. 

However, during half cycles 2 and 4 (when transformer termi- 
nal 3 is more positive than terminal 2, and tube B never fires) 
current can pass through phototube A if light reaches it. This 
electron flow is from transformer terminal 4, through the photo- 
tube and IR, to point 3. This flow produces voltage drop across 
172, which becomes more negative on the end nearest the grid of 
tube B. Capacitor 1C is charged to the crest®-® of this half-wave 
voltage across 172, and 1C holds enough of this charge throughout 
the following half cycle to keep the grid of tube B more negative 
than its cathode 3. With sufficient light on phototube A^ the 
resulting charge on 1C is so great that tube B is prevented from 
passing current, and C72 drops out. If the light then decreases, 
reducing the phototube current and the voltage across 1C, a point 
is reached where the grid voltage 
becomes close enough to the 
cathode to fire tube B. 

11-6. The Critical Grid Volt- 
age. — At this point we must see 
more clearly just what value of 
grid voltage permits this thyra- 
tron to fire, when operating with 
a-c supply. We saw this criti- 
cal grid voltage in Fig. 115, so 
we draw this curve again in Fig. 

IIF, but plot the grid voltage at 
a scale more nearly the same 
as the anode voltage. If we now draw a half sine wave of a.c. to 
represent the changing anode voltage of the thyratron, we can 
obtain a new critical- voltage* curve in Fig. IIF to correspond to 

* This potential, which the thyratron grid must have so as to prevent 
the flow of anode current, is called the critical voltage of the tube. For 
most thyratrons, this critical voltage is so close to zero that, in most diagrams 
in this book, it will be assumed that the thyratron may fire or pass current 
only when its grid potential becomes zero or slightly more positive than 
the cathode potential. 



Fig. IIF. — Critical giid voltage of a 
thyratron with a-c supply. 
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this a-c anode voltage. In Fig. IIF we see that a grid bias or 
potential of only —3 or —4 volts will prevent the thyratron from 
firing near the start of the half cycle. A grid bias of —5 volts 
prevents this tube from firing until point A is reached, and then 
the thyratron passes current for the rest of that half cycle. 

11-6. Thyratron Grid -circuit Action. — Returning to our photo- 
electric relay circuit, Fig. 110 shows the anode voltage of thyra- 
tron R, its critical-grid- volt age curve, and the actual thyratron 
grid voltage (curves marked 1, 2 and 3) produced by several 
values of light on the phototube. A large amount of light on 
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the phototube produces curve 1. During the ((uarter cycle 
pr(*ceding point A, ca])acitor IC charges to such a large voltage 
that it holds the grid of thyratron B far more negative than the 
critical-voltage curve.* In contrast, curve 2 is produced by 
very little light and phototube current, resulting in v(*ry little 
charge on 1C. At point B in Fig. IIC, where curve 2 crosses 
the critical-grid- voltage curve, thyratron B passes current, which 
flows during the rest of the half cycle. This set of curves is 
repeated during each positive half cycle as long as the light on the 
phototube remains unchanged. 

* For use in drawing Fig. l\G, how do we know or determine the slope 
of the grid- voltage curve between A and /)? From the time constant 
(see Sec. 4-5), which equals 1/? X 1C, or 5 megohms X 0.003 micro- 
farad = 0.015 sec. This tells us that 0.015 se‘c or 0.9 cycle is the time 
required for the voltage across IC to decrease to about one-third of its 
starting value. 
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Betrween curves 1 and 2 in Fig. IIG there must be other curves, 
such as curve 3, produced by a medium amount of light on the 
phototube. Curve 3 shows that the phototube current has 
charged capacitor 1C to a medium voltage, and this curve crosses 
the critical-grid-voltage curve at C and fires the thyratron near 
the middle* of the half cycle. Since thyratron current flows for 
only the latter part of the half cycle, relay CR is only partially 
energized. To avoid this con- 
dition, and to provide more 
positive pickup of CH, a circuit 
refinement is next added. 

11-7. Firing the Thyratron 
Early. — This feature is not 
shown in simpler Fig. 1 lE, but 
appears in the complete circuit 
Fig. 1 l/f , where 2/f and 2r are 
added in the grid circuit of 
thyratron B. A small voltage 
aj)pears across 2R and is added 
to the voltage applied to the 
thyratron grid. As is shown in Fig. 117, this voltagef across 
2/f, when added to the dotted line of 1C voltage, produces a 
new (solid-line) curve of grid potential. Notice that this solid 
line crosses the critical-grid-voltage curve very early in the 
half cycle, or not at all. As a result, the thyratron is made to 
pass current for almost the entire half cycle or not at all; the coil 
of CR either is energized by full voltage or is not energized at all. 

A similar feature appears in the center of Fig. 8£\ where the 
Phototroller circuit includes resistor 67? and capacitor 2C, con- 
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* Notice how the grid, while negative, prevents any flow of the thyratron’- 
anode current until part ol the half cycle has passed. This delayed action 
is discussed in Chap. 13. 

\ As is explained in Sec. 13-5, this connection of 2R and 2C across trans- 
former AAinding 3-to-4 may be shown by this 
vector triangle. Current /, flowing through 
2R (7500 ohms) and 2C (which capacitor 
represents l,000,000/27r/C (mn f) or 132,500 
ohms at 60 cycles), is seen to lead the trans- 
former voltage 3-to-4 by almost 90 degrees. 
The si?f* of the voltage across 2/^, which is in phase with current 7, is seen 
to be small compared vith other voltages in this circuit. 
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nected across the 10-volt transformer winding 9-to-8. Iii Sec. 
8-4, you are not told that tube T of Fig. 8E is a thyratron. To 
make sure that this thyratron T fires early in its half cycle of anode 
voltage, or not at all, the grid circuit of T includes this ^^ripple^' 
voltage, which raises the grid potential near the start of the half 
cycle, but lowers it to prevent firing near the end. 

As another example. Fig. lOA includes thyratron tube 5, whose 
grid circuit^^-^ contains the secondary winding of transformer 27", 
between points 7 and 10; this ^'ripple"" a-c voltage helps to fire 

/ \ 

/ \ 


/ \ Anode 

f woltoiqe 



Fig. 117. — Voltaso'^^ controlling thyratron B ol Fig. \\H. 

tube 5 during the first portion of the lialf cycle of anode voltage, 
or prevents it from firing at all. 

Details such as those desciibed above are frequently met in 
tube-operated circuits. These examples Avarn us that further 
study of electronics will require not only a general knowledge of 
electron-tube behavior, but must also include greater familiarity 
with our old friends the capacitor, the reactor and other standard 
circuit elements. 

11-8. Using This A-c Photoelectric Relay. — The complete cir- 
cuit, Fig. 1177, of the general-purpose photoelectric relay includes 
a potentiometer IP, which may be adjusted so that the relay will 
operate at the desired light intensity at the phototube. When 
IP is turned closer to 4, then IP and phototube A are connected 
across a smaller portion of the transformer supply voltage 3-to-6; 
a greater amount of light must reach the phototube in order to 
drop out relay CR. 
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To apply this particular photoelectric relay properly, there 
must be sufficient light on the phototube during the 30-sec warm- 
ing period to prevent thyratron B from passing current. Other- 
wise, thyratron B tries to pass anode current before its cathode 
is hot enough to furnish the necessary electron flow. Repeated 
warming with a dark phototube will damage this type of thyra- 
tron cathode and will decrease the tube life. 

Figure IIH shows that phototube A is of the vapor-filled or 
gaseous type (shown by the dot inside the tube symbol). As 
would be expected (from the previous comparison of high- vacuum 
and vapor-filled triodes), a vapor-filled phototube can pass more 
current than can a high-vacuum phototube; the vapor-filled 
type is more generally used in industrial circuits. Either type of 
phototube responds immediately to light changes. However, 
the power supply and circuit surrounding the phototube deter- 
mine how fast the whole photoelectric relay can respond to light 
changes. This general-purpose relay does not respond to a light 
change lasting less than sec. Another type of photoelectric 
relay, designed for high-speed impulse-trip operation, is dis- 
cussed in Sec. 22-2. 

11-9. Effect of Thyratron Temperature and Grid Construction. 

Most texts in electronics devote many pages to these subjects, 
which are so important to circuit design. Let us merely note 
several points of interest. Figure 11^ shows a single slanting 
line, to indicate the grid potential that lets a thyratron fire; if 
this thyratron is of the usual mercury- vapor type, then this slant- 
ing line is correct only when the coolest part of the tube enclosure is 
at perhaps 40°C. If the tube temperature rises 20 or 30 degrees, 
the slanting line of Fig. UB must move to the left; we must now 
apply 1 to 2 volts lower (more negative) grid potential, to keep the 
tube from firing. This temperature effect does not occur in 
thyratrons filled with gas like argon. 

At high temperatures, thyratrons (and phanotrons) will not 
rectify well with high anode voltages; at very low temperatures 
these tubes may not produce the large flow of electrons required, 
and this may cause higher arc drop and erratic operation. These 
factors show why, for best results, the gas- or vapor-filled tubes 
must operate at medium temperature. 

The grid of a high-vacuum tube may be merely a vdre mesh, 
which can prevent most electrons from reaching the anode. 
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However j in a thyratron, the grid must prevent all electron flow; 
if some electrons escaj)e to the anode, they will ionize the gas 
particles so that the grid can no longer prevent the main flow of 
anode current. Therefore, the thyratron grid is usually a metal 
cylinder large enough to enclose the cathode and part of the 
anode, as shown in Fig. 1 1.7; when this large grid surfa(*e is suffi- 
ciently n€‘gative, all electrons a!*e re])elled 
and cannot reach tli(‘ anode. This grid 
siirfa<*e helps also to contain the cathode 
heat and to shield the cathode from un- 
w anted stray-field effects. However, so 
large a grid structure permits the flow ot 
greater grid current and is directly affected 
by sudden changes of anode voltage and 
by the heat and material of the cathode. 
In spite of these effects, this single-grid 
thyratron (or vapor-filled triode) is widely 
used. * 

11-10. The Shield-grid Thyratron. — By 

adding a second grid, we produce a 
tetrode thyratron, which has much less 
grid current and is more sensitive to its 
grid signal. As shown in Fig. IIK, the 
large metal grid enclosure is now called 
the shield grid^ and a separate small con- 
trol grid is added. Notice how the shield 
gridf encloses or shields the control grid from the heat or material 
of the cathode and also from the anode voltage; yet the small 
control grid can prevent all flow of electrons through the central 
opening in the shield. 

The shield grid is usually connected to a base pin; outside the 
tube, the shield grid is often connected to the tube cathode. So 
connected, this thyratron has nearly the same operation as is 
shown in Fig. IIB. Therefore, when the shield grid is connected 
to the cathode, we may omit this extra grid from our circuit dis- 
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Fig. \\J . — Paitb inside a 
thyi atron. 


* Pkamples are the FG-17, KU-627, GL-393, WL-631 and FG-57 thyra- 
Irons. 

t This added grid should not be confused with the screen grid of a high- 
vacuum tube, whose operation is similar only with respect to decreasing 
the interaction between anode and control grid. 
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eussion. However, if the shield grid is connected to a point in the 
circuit that is a few volts more positive than the cathode, this has 
the same effect as moving the slanting line of Fig. 115 to the left; 
a more negative control-grid potential is needed, to prevent the 



tube from firing. Similarly, if the shield grid is made more 
negative than the cathode of the thyratron, then the control grid 
must be made less negative, to let the tube fire; if the shield grid 
is 10 or 15 volts negative, this tube becomes a positive-control 
thyratron, whose anode current 
does not flow until a positive 
signal is applied to the control 
grid. 

Symbols of shield-grid tubes 
appear in Fig. IIL; (a) is msed 
for tubes with glass envelopes, 

(6) applies to all-metal thyra- 
trons, such as the FG-172 ctr the GL-414, in whic>h the shield grid is 
connected to the metal outer shell of the tube, which is connected 
to the cathode. 

11-11. Posttive Grid Ygltage. — When anode current is flowing 
through a mercury- vapor-filled thyratron, the anode vdltage is 
15 to 20 volts, as has been already explained.^"^ Similarly, the 
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Kig. IIL. -Symbols of h sliield-Krid 
thyratron. 
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grid voltage (measured between grid and cathode) may be several 
hundred volts when no grid current flows; however, as soon as 
the grid becomes 15 volts more positive than the cathode there is 
a small flow of electrons through the tube from cathode to grid. 
This positive grid voltage cannot be greater than the arc drop 
through the tube, so any excess positive grid voltage appears 
across a resistor in the grid circuit. 

Questions 

1. When a thyratron is supplied with d-c anode voltage, which of the 
following are true? P^xplain. 

a. The grid does not have control of the starting of anode-current 
flow. 

h. Anode current will not stop until anode voltage is removed. 

c. To cause the anode current to decrease, the grid must be made 
slightly more negative than when a-c anode voltage is supplied. 

d. The same amount of bias will prevent the starting of anode 
current, with either a-c or d-c anode voltage. 

e. Anode current flows only as long as the grid potential is above 
the critical voltage. 

/. With constant anode voltage, the critical voltage is not a curve, 
but is constant. 

True or false? Explain why. 

2. For heating the filament, a.c. is better than d.c. 

3. Decreased heater voltage will damage a thyratron more than a 
pliotron. 

4. The main reason for using a large grid cylinder around the thyratron 
cathode is to hold the heat inside. 

5. A thyratron should not be used if the anode current is less than 

ampere. 

6. Shield grid is another name for a screen grid. 

7. By raising its filament current, a thyratron may carry larger peak 
anode currents. 

8. For use outdoors, a gas-filled tube may work better than a merciury- 
vapor-filled tube. 

9. The critical-voltage curve is made more positive by making the shield 
grid more positive. 

10. A screen grid is often connect <ul to the anode, while a shield grid is 
often connected to the cathode. 

11. When the control grid is connected to the cathode, the thyratron may 
be turned on by the shield grid. 

12. A thyratron has twice as much voltage drop (anode to cathode) when 
passing twice as much current. 
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18. A thyratron passes anode current only when its cathode is at lower 
potential than its anode. 

14. Two thyratrons may be enclosed in one shell to act as a duplex tube. 
16. Most tetrode thyratrons may be fired by a more positive impulse 
at either the shield grid or the control grid. 

16. Operating on d-c anode voltage, a negative shield grid may turn off 
Ihe thyratron anode current. 



CHAPTER 12 


RESISTANCE-WELDING CONTROLS 

The tube control of spot welders and seam welders shows that 
industrial electronics has been of great value and interest for 
at least 15 years. Types called synchronous controls by their 
extreme accuracy now make it possible to ^\eld together metals 
that were never welded before These welding-control equip- 
ments are used in thousands of industrial plants and they deserve 
a prominent place in this book. However, since many of these 
weld timers and synchronous controls are described and explained 
in another book,* only a few such u elder controls are included 
here. 

12-1. Resistance Welding. —Two pieces of metal may b(‘ 
welded or fused together l)y passing largo current (1000 to 100,000 



machine 

1 1 (, V2A V elding niadime and it's elcctneal equipment 

amperes) through these pieces, while the}" are being forced 
together between the electrodes of the welding machine, f Figure 
12A shows how the 220- or 440-volt a-c supply passes through a 
protective device, then through a contactor, before reaching 
the welding machine. In the machine, a welding transformer 
reduces the voltage at the electrode tips to 1 to 10 volts, and 
supplies the large welding current, while drawing perhaps 50 to 
* Chute, G. M , ^‘Electronic Control ol Resistance Welding, McGraw- 
Hill Book Company, Inc , New York, 1943. 

t When pieces of metal are being joined or welded together by a bright 
electric arc, which melts a rod into a pool of metal, that is called arc welding. 
Tube control of arc-welding equipment is described in Chap 16, 
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2000 amperes from the a-c supply. To make a weld, current 
needs to flow for only part of a second;* the contactor must close 
and open the circuit quickly, and it does this hundreds of times 
each hour. While magnetic contactors control many such 
welders, ignitron contactors and other electron-tube equipments 
are used where better welds must be made in shorter time, with 
less contactor noise and maintenance. 

To make a single spot weld, the pieces of metal are placed in 
the space between the two electrodes, one of which can move. 
When the operates* presses the button or the foot switch, the 
electrodes come together and squeeze the metal pieces. Welding 
current then flows to heat the metal and make the weld. The 
metal is held under pressure for a moment until the weld hardens, 
then the electrodes separate so that the metal can be moved 
before the next weld is started. 

To control such a welding machine, notice that four lengths of 
time (perhaps from 3 to 30 cycles each) must be measured, such 
as by using four time-delay relays.®'^ After the foot switch is 
closed, the squeeze time permits the electrodes to build up the 
right pressure on the work. The weld time is the length of time 
during which the welding current flows. After the welding cur- 
rent stops, the electrodes continue to press against the metal 
pieces during the hold time, while the weld hardens. Then the 
electrodes separate; if the operator still holds the foot switch 
closed, the electrodes will reclose after a period called the o£ timey 
which gives time to move the work or insert new pieces of metal 
bel.ween the ele(*trodes. 

12-2. Controls for Resistance Welding. — ^As is shown in Fig. 
12^4, an ignitron contactor^-^^may control or sndteh the alternat- 
ing current supplied to the welding transformer. This pair of 

* To make a Avoid, the required heat H = PRTy or heat equals 

((‘urient) X (ourront) X (resistance bet weeri the pieces welded) 

X (time w hile current iBows). 

Since there must be resistance to current How betw^een the metal pieces, 
w^here most of the w’eld heat is produced, we call this process resistance 
welding. This resistance depends on the metal that is being welded; steel 
has high resistance, so welding heat is easily produced; aluminum has low 
resistance, and the welding heat is harder to obtain. Further, this resist- 
ance between the metal pieces decreases when they are forced together by 
the electrodes with greater pressure. 
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ignitron tubes by itself produces no better welds than a magnetic 
contactor, except that the tubes may handle thousands of 
amperes for a time as short as one cycle. However, this pair 
of ignitrons may be controlled by other tube-operated circuits. 
To change gradually the amount of welding heat, by merely 
turning a small dial, a pair of ]>hase-shifted thyratrons is added 
as in the heat-control equipments described in Chap. 13. To get 
better welds, by accurate synchronous control, other tube-opei- 
ated accessory panels may be added to the ignitron contactor, 
as indicated in Fig. 12^1 ; or a single larger synchronous-control 
equipment may be used, mounting the ignitron tubes inside. 

For seam welders, which use loller electrodes to produce a 
continuous or stitch weld made of overlapping welded spots, the 
same pair of ignitron tubes may be used, but controlled by other 
tube circuits to produce the heat and cool times (similar to weld 
time and time between welds while the roller electrodes remain 
pressed on the work). Electronic heat control by the phase- 
shift heat method^^'^ is usually included in such seam-^welder 
controls. 

A welder equipment that includes electronic heat control can be 
made to regulate for variations of a-c sLii)ply voltage or can be 
made to hold constant welding current, in spite of changes in the 
weld work. Such regulators, which are separate all-tube equip- 
ments, to be combined with other electronic welding controls, are 
described in Chap. 26. 

Small spot welders may make each weld by using the a-c supply 
for only a half cycle, by once firing a single ignitron tube.^^"^® 
Other small welders may need so little alternating (jurrent that 
ignitron tubes are not used, but the welding-transformer primary 
current is switched through a pair of thyratron tubes. ^ 

So far, all the welder equipments mentioned aim to control 
only the flow of a.c. to the welding transformer. To operate the 
electrodes of the welding machine, and to “telF^ the alcove con- 
trol equipment Avhen to pass current into the weld, a sequence 
control is used. The circuits of several sequence timers are 
described below. 

We have mentioned only a-c resistance welding — the type that 
connects one phase of the a-c power supply directly to the welding 
transformer for a short time, to produce the flow of welding 
current. Another type is energy-storage welding; hero the a-c 
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supply (usually three-phase) is rectified to produce direct current, 
which stores energy in a bank of capacitors or in a special trans- 
former. When this energy is released, to cause the flow of weld- 
ing current, this current does not alternate or cause a sudden 
inrush of current from the a-c supply line. Rectifier circuits for 
such energy-storage welders are described in Chap. 18. 

12-3. A Sequence Weld Timer (CR7603-F118). — This timer 
is a combination of several tube-operated time-delay relays, along 
with other relays that control the welding contactor and the 
welder electrodes so as to give the correct squeeze time, weld 
time, hold time and off time, already mentioned. The ele- 
mentary diagram of this automatic weld timer is shown in Fig. 
\2B. Starting at the top, the secondary winding of trans- 
former 17^ gives 115 volts between 1 and 3, if the 17^ primary is 
correctly connected to the supply voltage. When the operator 
closes the starting switch IaS, this comj)letes the circuit to the coil 
of IC/?, which closes its contact 7^-to-7R, to energize the solenoid 
valve (shown at the right). 

In Fig. 12 jB, each of the four time-delay circuits is shown 
merely as a rectangle, marked like 1 TD or 47"D. Each rectangle 
shows only three connections to the timMlelay circuit that it 
contains. Connections 1 and 3 furnish the 115-volt a-c supply 
to all these circuit i)arts, and 16 or 46 is the connection that 
starts the cinaiit to give its time-delay action. For example, 
vhen the circuit is closed to point 16, then IT’D starts to time the 
squeeze lime, which is set for perhaps 7 cycles. After tliis 7 
cycles of time, the relay in this circuit operates its contacts. 
These contacts are not shown inside the rectangle of 1 TD, but 
appear farther down in the diagram, in the circuits to 2CR and 
VTD, This shows that, when IT’D times out or operates its 
relay contacts, one of these IT’D contacts energizes 2CR, while 
the other 17’D contact closes the circuit to point 46, which then 
starts 4T’D to measure its weld time. 

When you need to know the detailed operation of the time- 
delay circuit inside one of these rectangles, you will find this 
circuit in the lower right-hand corner of Fig. 12D. This shows 
the parts inside the 4T’D rectangle, but it applies as well to the 
other rectangle circuits. Although this circuit is explained in 
Chap. 6, we repeat it here, using the 4T’D circuit shown in Fig. 
12D. 
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12-4. How Each Time-delay Circuit Works. — While the 
starting contact is open (1 I'D is the starting contact for I'ectangle 
47'/)), no electrons flow through tube 4, 48/?, and coil 4TD to 
point 3, because the (cathode 46 is not connected to the other side 
1 of the a-c supply. At this same time, electrons flow from 3 



through 47/?, cathode to grid of tube 4, through 43/? and 41/? to 
slider 41. By grid rectification^*^ this flow is in only one direc- 
tion and charges capacitor 41 C' to the crest value®*^’ of the voltage 
across 41/?, which is slightly less than the voltage between slider 
41 and point 3. This timing capacitor 41 C remains charged 
as long as the starting contact remains open and keeps the tube-4 
grid more negative than slider 41. W'hen the starting contact 
is closed, the circuit is completed from 1 to cathode 46, through 
tube 4 and 4TD coil to point 3, but tube 4 still cannot pass 
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electrons through this circuit because of the negative voltage 
bias on tube-4 grid. However, as the time passes for which the 
slider of 4P is adjusted, the charge on 41(7 decreases, because it 
discharges through 41/?. When this 41(7 charge is no longer 
large enough to keep the grid of tube 4 negative, this tube fires 
and picks up relay 47"Z), operating the ^TD contacts shown in the 
main portion of Fig. \2B. 

The action of this grid circuit is shown in Figs. 65 to 6D. 
Tube 4 in Fig. 125 is a thyratron (the GL-502 or GL-2051 shield- 
gj-idii-io type), and fires instantly and completely as soon as its 
(‘ontrol grid lets it fire at all. Tube 4 continues to fire and keeps 
i*elay VfD energized, until voltage is removed from point 46 by 
opening some contact in the circuit between 1 and 46. 

12-6. Operating Sequence. — ^I^et us trace the step-by-step 
operation of this weld tinier in Fig. 125. Close switch IaS, which 
completes the circuit from 1 through n-c (normally-closed) con- 
tact of 5TZ), to energize iCli. Then 1(75 picks up the solenoid 
valve and brings the electrodes together. Another 1(75 contact 
connects 1 and 2, sealing around 15, keeping 1(75 energized 
even though IS is released. A third 1C5 contact completes the 
circuit to 16 on ITD time-delay I’elay. This lets IT'D measure 
out the squeeze time, to make sure that the electrodes have time 
to squeeze the work with enough pressure. After this squeeze 
time, IT'D contacts complete the circuit to contactor 2C5, which 
closes the ignitor circuit of the ignitron contactor, making the 
ignitron tubes pass current to the welder. At the same time, 
another ITD contact completes the circuit to 46, starting 47'D 
to measure the weld time; after this, 4TD opens its n-c contact 
4(L4-to-4, opening the circuit to 2CR. Then 2(75 drops out, 
opening the ignitor circuit and ending the flow of welding current. 

Weld timer 4TD also closes its contacjt 2-to-70, which com- 
pletes the circuit to 56 and starts 5TD to measure out the hold 
time, while the weld hardens. After this hold time, 5TD opens 
its n-c contact between 2 and 16A (near the top of Fig. 125) ; this 
drops out 1C5 and the solenoid valve and lets the electrodes 
separate. Although this also opens the 1C5 contact l-to-2, the 
57’D relay is still energized through its own 57'D contact 2-to-7(), 
if the operator still holds 15 closed. However, if 25 (bottom of 
Fig. 125) is open for nonrepeat welding, the welder will not work 
again until the operator releases 15 and then closes it again. 
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Here 15 opens the circuit to bTD, letting bTD drop out and 
reclose its n-c contact 2-to-16A. When 15 is again closed by 
the operator, a new weld sequence is started to make another 
spot weld. 

If 25 is closed, to give repeat welding, the whole sequence is the 
same as above, to the time when bTD operates its contacts. 
Now with 25 closed, bTD not only drops out ICT^, but another 
bTD contact completes the circuit through 25 to 66, which 
starts bTD to measure the off time during which the electrodes 
are away from work. Another bTD contact seals across 2-to-7() 
so as to keep bTD energized even when 47’Z) drops out. (47"Z) 
is dropped out by the opening of bTD n-c contact 2-to-165.) 
Of course, there is no circuit to make bTD work if the operator 
is not holding 15 closed at this time. If 15 is still closed at the 
end of the off time, bTD operates its one contact, which is n-c, 
between 70 and 56. This bTD contact drops out bTD, This 
lets bTD reclose its n-c contact 2-to-16A (near top) and energize 
the solenoid valve, bringing the electrodes together to start 
another welding operation. This complete operation will be 
repeated over and over, as long as the operator kc^eps 15 closed. 
If 15 is opened while the electrodes are together, the electrodes 
will not separate until after the usual weld and hold times have 
passed. 

12-6. Capacitor for Arc Prevention. — In the center of Fig. 
125, capacitor 49C helps to prevent burning or arcing at 47'jD 
n-c contact 46A-to-4. There is no voltage across capacitor 49C 
while the 47'Z> contact is closed, so 49C holds ncj charge. When 
this contact opens, the energy in the inductive 2CR coil (which 
would force current to cause arcing and burning) is used instead 
to charge 49C to the voltage appearing across these opened con- 
tacts. To prevent 49C from discharging too rapidly when the 
ATD contact again closes, resistor 495 is used to limit the dis- 
charge current. Similarly, the life of the bT'D contact 2-to-16A is 
greatly increased by adding 59C and b9R (0.25 mu f and 50 
ohms). 

12-7. Grid-to-cathode Capacitor. — Near tube 4 in Fig. 125, 
capacitor 42C is connected between the control grid and the 
cathode. Notice that the operation of the time-delay circuit of 
tube 4 is completely explained^^'^ without mentioning 42C. Sucb 
a capacitor is used with each thyratron is most industrial circuits, 
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to prevent the thyratron from false or unexpected operation, 
such as comes from sudden changes of anode voltage or from 
surges in the electric power system. A flicker of grid voltage 
lasting less than 1/10,000 sec. can easily make the thyratron pass 
anode current for a half cycle. This grid-to-cathode capacitor 
is so small (0.0001 to 0.005 mu f) that it has no effect at 00 cycles, 
yet it drains otf the more sudden changes of grid voltage that may 
fire the thyratron at the wrong time. 

12-8. — ^Another Sequence Weld Timer (Weltronic Model 76). 
The diagram of this timer, in Fig. 12C, shows that it has three 
time-delay circuits similar to that shown in Fig. OF; it operates 
a welder in the same way as the timer of Fig. \2B. Figure 12C 
shows many connections to ground (i); all these grounds 
are connected together and become part of the circuits For 
example, when the starting switch is closed, the 11 5- volt winding 
of the supply transformer 1 T forces current to flow in its ground 
connection, and the circuit is completed from ground through the 
starting switch and transformer 2T to point 2 and the other 115- 
volt terminal of IF. Similarly, any current flowing in the anode 
circuit of tube 1 is caused by the 400- volt winding of IF; while 
the left-hand or ground terminal of this 400- volt winding is 
negative, electrons flow into ground and from ground to the 
tube-1 cathode, to tube-1 anode, through the coil of relay ICR 
to point 6, and through fuse IF to the positive terminal of IF. 

The tubes in Fig. 12C are high-vacuum tetrodes^'^; tubes 2 and 
3 have the screen grid connected to the anode, so that the screen 
is positive during the halt cycle when anode current can flow; 
in this way, the screen helps current to pass through the tube, 
and the amount of this current depends entirely on the control 
grid. However, the screen grid of tube I is used as a second con- 
trol grid. If there is no voltage at the screen (as when trans- 
former 2F is not energized) tube 1 cannot pass enough current to 
pick up relay \CR] Avhen 2T makes the screen grid of tube 1 posi- 
tive, tube 1 passes more current, as long as its control grid per- 
mits. When transformer 3F applies its negative voltage to the 
control grid, this decreases the tube-1 current, although the 
screen is yet positive. 

Closing the starting switch completes the circuit to transformer 
2F, which applies 200 volts to the screen grid of tube 1 . Since 
the ZCR contact (below the starting switch) is not yet closed, ZT 
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is not energized. With zero voltage on the control grid, the 
starting switch makes tube 1 pick up ICR; a ICR contact closes 
next to the starting switch, so that 2T remains energized. Far- 
ther down the left-hand side of Fig. \2C another ICR contact has 
closed; relay ACR is picked up and its conta(‘t closes the solenoid- 
valve circuit, which forces the electrodes onto the weld work. 
By the same ICR contact, transformer AT is also energized, 
starting the time-delay action in the tube-2 circuit, to give the 
squeeze time. 

12-9. Grid-circuit Action in Weltronic Timer. — Recall from 
Sec. 6-5 that the secondary Avindings of transformers AT and 
57' are opposed. Before 47' is energized, the 100 volts' output 
of bT causes electrons to flow through 3CM (time-adjusting resis- 
tor and variable capacitor) to ground, from cathode to grid of 
tube 2 and back through 47'; by grid rectification,^-^ this flow 
charges SCA, negative on the end nearest the grid, which keeps 
tube 2 from passing current. When the starting switch closes, 
AT produces 100 volts, which bucks tlie 100 volts of 57'; no volt- 
age remains in the grid circuit of tube 2 except the charge on 
3CA. After the desired squeeze time (depending on the number 
of capacitors connected in 3(M), tlu^ voltage across ZCA has 
decreased so as to let tube 2 pick up relay 2CR. 

Two 2CR contacts close (lower left-hand corner of Fig. 12C); 
one of these completes the circuit through the n-c ZCR contact, 
to pick up relay bCR. 4'he bCR contact fires the ignitron con- 
tactor, letting current flow' to make the weld. The ujiper 2CR 
contact starts the time-delay action of tube 3, by energizing trans- 
former 6T (as described above for 47' and tube 2). This is the 
w'eld time; w'hen tube 3 picks up relay 3C7?, this relay opens its 
n-c contact, dropping out relay 5(77? and stopping the flow of 
w'elding current through the ignitron contactor. Notice that 
there are two resistors in ACA (low^r right) through which the 
weld-time capacitor must discharge. By the closing of switch 
2Sj shorting one of the resistors, the A\eld time is made shorter. 

After the w^eld time, another SCR contact (near the starting 
switch) energizes transformer 37'. The 100 A'olts' output of 37' 
charges 2CA, thereby placing a negative voltage on the grid of 
tube 1. Although this shuts off the current of the high- vacuum 
tube 1, relay 1C72 does not yet drop out; the large capacitor ICA 
holds so much electricity that its discharge current keeps relay 
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ICR picked up for part of a second, and this delayed dropout 
produces the hold time. (Smaller capacitors across coils of 
2CR and SCR are only to prevent relay chatter. 

After the hold time, relay ICR opens its contacts. However, 
if switch IS (middle left) is closed, to give single welds, the 
operator must release the starting switch before the relays will 


j A-c supply j 
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reset. If switch IS is opcm for a repeat weld and the starting 
switch is held closed, the opening of ICR contact l-to-3 at the 
end of the first weld separates the electrodes by dropping out 
4C72; ICR also opens the circuit to 47’, permitting 3CA to 
recharge and turn off tube 2, dropping out 2CR. Similarly, the 
2CR contact shuts off QT and tube 3, dropping out SCR, The 
SCR contact (near the starting switch) removes the voltage of 
transformer ST, but tube I is still kept from firing again by the 
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negative grid voltage remaining across 2CA, Tube 1 will fire 
again as soon as 2CA has discharged, measuring the off time. 
Tube 1 then picks up relay ICR again; 4tCR and the solenoid 
valve bring the electrodes onto the work to make another weld. 
Notice that the grid circuit of tube 1 measures the off time, while 
the anode circuit of the same tube measures the hold time. A 
change of either time setting will not affect the other time. 

12-10. D.C. and A.C. Combined in a Weld Timer (CR7603- 
F178) . — The sequence weld timer shown in Fig. \2D is of later 
design than that descril)od in Sec. 12-3. The elementary dia- 
gram, P'ig. i2E, shows that a regulated d-c supply is used for 
the thyratron grid circuits, while the tube anodes and the relay 
coils operate on a.c., supplied by transformer 17^ at the right- 
hand side. 

At the left-hand sidc^ of Fig. \2E^ another* secondary wind- 
ing of transformer 1 T furnishes an a-c voltage, which is 
rectified by tu})e 7 and filtered^'^’*^ by \R and capacitor !C By 
means of voltage-regulator^^-® tube 8 (and its buffer resistor 2R) 
a steady d-c supply of 150 volts is held betwec'ii the positive 
point 75 and negative point 70. Resistors 3/tJ and 4/^ divide this 
150-volt supply so that point 70 is always 90 volts more negative 
than 10, which is connected to the cathodes of the thyratron tubes 
1, 4, 5 and 6. About a minute after the a-c supply is connected to 
IT, all tubes are ready to operate; tube 8 is glowing. 

Before the starting switch is closed (right-hand side of Fig. 
\2E), no thyratron can pass anode current and no relay is picked 
up, for point 10 (thyratron cathodes) is not connected to trans- 
former IT. Let us begin with switch 3N open, to give a single 
(nonrepeat) welding operation; 3>S keeps relay OTD from 
operating. 

Notice that the circuits near tube 1 (which control the squeeze 
time) are the same as the circuits near each of the other thyra- 
trons; only one tube circuit needs to be explained. 

The grid of tube 1 is connected, through 14/i^ and the closed 
\CR contact, to 70; since point 70 is 90 volts more negative than 
the tube-1 cathode 10, tube 1 has a grid voltage of —90 volts. 
Through this closed ICR contact, 150 volts d.c. is connected 
across resistors HR and \2R] capacitor llC is charged to this 
same voltage. 

When the starting switch closes, it picks up relay \CR] one 
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1(772 contact near the starting switch keeps 1C72 energized. 
Another 1(772 contact picks up the solenoid valve (lower right) to 
bring the electrodes onto the work. (Tubes 1, 4 and 5 now have 



SIT I ^UgDT I Re|»at | 



Fig 12E . — Diagram of sequence weld timer (CR750i-l‘ 178) 
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tial of point 15 (grid of tube 1.) now rises slowly, as capacitor llC 
discharges through the combined resistance of 11/J, 12R and 13i2. 
Even if 117^ is turned so that all its resistance is shorted, about 2 
cycles of time pass before the voltage across IIC has decreased to 
about 60 volts, to let point 15 (grid) be near the same potential as 
1 0 (cathode), so that tube 1 can fire. This time delay (before tube 
1 fires) is the squeeze time; to increase this delay, more of the 117^ 
resistance is put into circuit, so that llC discharges more slowly. 

Tube 1 picks up relay ITDj to start the weld time; one con- 
tact of ITD closes the ignitor circuit (lower right in Fig. 12E) so 
that welding current flows. Another 1 TD contact (below tube 4) 
opens and lets the potential of point 45 (grid of tube 4) rise, as 
capacitor 41C gradually discharges at a rate set by 4172. 

At the end of the veld time, tube 4 picks up relay 47"7); one 
4TD contact opens the ignitor circuit and stops the welding cur- 
rent. Another 47'7> contact opens below tube 5, letting the 
potential of point 55 rise as 51 C discharges at a rate set by 5172. 
After the hold time, when tube 5 picks up relay 5TDy the 5TD con- 
tact opens (above the starting switch), letting 1(772 drop out. 
Even if the starting switch is held closed, the 1C72 contact (70- 
to-15) turns off* tube 1; the 17' D contact (70-to-45) turns off 
tube 4. However, tube 5 continues to pass current (since its 
contact 70-to-58 remains open); after the starting switch is 
released, the next welding operation may be started. 

If 3aS is closed, for repeat welding, tube 6 passes current as soon 
as the starting switch closes. However, after the weld time, 
relay 4TZ) closes its contact 58-to-65; this makes the grid 65 of 
tube 6 negative, so that tube 6 drops out relay Ql'D, Capacitor 
61(7 becomes charged. After the hold time, relay 5TD opens its 
contact 70-to-58, so that the potential of grid 65 rises as capacitor 
61C discharges through 61/2, measuring the off time. When tube 
6 fires (and the starting switch is yet closed), the 6T7) relay opens 
its contact (upper center of Fig. 12£'), which drops out 5TD. 
The 57'D n-c contact recloses, above the starting switch, picking 
up 1C72 to begin another welding operation. 

12-11. Synchronous Timing. — ^Although the weld timers just 
described may control the flow of welding current for times as 
short as two or three cycles, greater accuracy is needed for weld- 

* Since a-c anode voltage is used, each thyratron is prevented from 
further firing after its grid is connected to the negative potential of point 70 
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ing certain metals and for producing the same amount of heat in 
each spot weld. To get these results, an a-c welder must be 
controlled by tube circuits that can start the flow of welding 
current always at the same point in the 60-cycle voltage wave. 
Figure 12F shows this voltage wave and pictures the current 
that flows if the weld is started at points TF, Xj or U. Since a 
welding transformer is a lagging-power-factor load, the welder 
tries to draw current that lags (starting at X) behind the voltage; 
if the welding current begins to flow at X, its waveshape remains 


Transient 
current j 

Normal -ix, 
current j ' 



Power- fa c tor- 'Y 
angle 


Fig. t2F. --Transient currents (starting before or after the power-factor angle). 


the same, one cycle after another, and gives the best a-c weld. 
However, if the contactor closes the welding circuit at W (perhaps 
only Kooo sec. earlier than X), the amount of current rises much 
higher than before; for three or four cycles this current is ^‘off 
balance before it returns to normal. This short-time disturb- 
ance is called a transient current. Similarly, if it is started late 
at [/, the current again is much greater (below the 0 line). 
Whether started early or late, this increased current changes the 
amount of heat during that weld. So, especially when the weld- 
ing current flows for less than five cycles, far better welds are 
made when tube-operated circuits start the flow of current always 
at point X. Such accurate starting of the welds, always exactly 
in step with the a-c voltage wave, is called synchronous timing. 

While many kinds of synchronous-control equipment are 
described elsewhere,* Fig. 12G shows another control as an 

* Chute, G. M., '^Electronic Control of Resistance Welding,’^ McGraw- 
Hill Book Company, Inc., New York, 1943. 
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example of a synchronous timer; its circuit appears in Fig. 12H, 
In Fig. 12H we shall see that tube 5 starts the flow of welding 
current always at the same point in the voltage wave. Simi- 
larly, the heat-control circuits of Chap. 13 also start the current 
to flow at carefully controlled points on the voltage wave. 

Most synchronous spot-welding timers include a circuit that 
lets the welding current flow for 1, or 2, or 10 cycles, or other 
lengths of time, as selected by turning a dial. These timers 
also make sure that each weld includes an even number of half 
cycles of current flow — that is, the current flows for 2 or 5 com- 
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1 lo 12G SMiohronous contiol foi a small spot ^^eldei (CK7503-A138). 

l)k^te cycles, but not for 1)^ or 4}^ cycles. If the weld starts 
V itli a positive half cycle, it always ends Avith the opposite, or 
negative, half cycle. In this way, a new weld never starts wdth 
the same kind of half cycle that ended the previous weld. This 
is important where only part of a second separates the welds; 
the magnetism left in the welding transformer has not yet drained 
away, so it affects the current and the heat of the next weld, 
unless the current starts in the right direction. As shown in 
Fig. 12H, tubes 5 and 6 are connected back to back,®"^ to permit 
alternating current to flow to the welding transformer. Tube 5 
always is the first to pass current — tube 6 always is the last to 
pass current. The part of the synchronous timer that causes 
this action is called the leadino-tube — trailing-tuhe circuit 
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12-12. Synchronous Control for Small Welders (CR7603- 
A138). — For welders needing less than 50 amperes from the a-c 
supply line, a pair of thyratrons may be used instead of ignitrons 
to switch this current flow. In Figs. 120 and 12ff, thyratron 
tubes 5 and 6 are used in this way. When not welding, thyratron 
tube 2 fires steadily, thereby preventing tul)e 5 from firing. 



When the starting switch closes, tube 2 stops firing and lets 
lube 5 pass current, which in turn fires tube G. Tubes 5 and 6 
are all-metal shield-grid thyratrons (see Fig. IIL). 

The a-c power enters at the bottom of Fig. i2H] the main 
current flows only through the welding transformer and its heat- 
adjusting resistance K, and through tubes 5 and G to the other side 
of the power supply. The a-c supply also connects to trans- 
former IT whose primary taps furnish 230, 460 and 575 volts to 
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the various control circuits. Secondary windings SIT give 115 
volts, where shown, and also heat the tube filaments. After heat- 
ing the tubes 5 min, relay UV may be pushed in to make ready 
to weld. The VV coil is held closed through its own contact; 
if suppl}^ voltage fails, VV drops out, giving undervoltage 
protection. 

Notice that Fig. i2H has no rectifier tube 1 to furnish a d-c 
supply, often included in synchronous controls. Instead, the 
timing capa(*itor 2C (near tube 2) is charged through tube 2, as 
shown below. Tube 2 is controlled by two signals, one applied 
to the control grid, the other signal at the shield grid.^^’^° 

While the starting switch is open, relay \CR is not ener- 
gized, so its n-c contacts are closed (at lower left in Fig. 12ff), 
and there is a drop of 575 volts between points 5 and 2. During 
the half cycle when 5 is more positive than 2, electrons flow from 
2, cathode to (*ontrol grid of tube 2, through 167? and 97? to 5. 
Nearly the whole 575 volts is across 97? and charges 2C to the 
crest®’® of this voltage (shown at C in Fig. 12/). During the 
following half cycle, electrons cannot flow grid to cathode, so 2C 
holds its charge ])ecause of this grid rectification;®"^ l)art of the 
2C voltage leaks off through 97?, but 2C is recharged once each 
cycle, while the 1C7? contact remains closed. 

12-13. Control by Shield Grid. — In Fig. 1277, the shield grid 
of lube 2 prevents all current flow in tube 2 (including this con- 
trol-grid current for recharging 2C) until a point near the middle 
of the anode-voltage wave, shown at point A in Fig. 12/.* 
Halfway down in Fig. 12/, notice the sine wave of voltage applied 
to the shield grid of tube 2; this voltage lags about 70 deg behind 
the anode voltage, becauvse of capacitor 15C and resistor 667?. t 


I 


575 V. 


* IItvkxs, ]\I. K., Spocial Wolding Controls, Elrctromcs^ October, 1942. 
t As explained in Sec. 13-5, thi.*^ connection of 450 and 667? acros*:! 575 volts 
(points 2 to 4) may be shown by the ve(*tor triangle. Current 7, flowing 
through 150,000 ohms and 45^^ (which 
represents l,000,000/27r/r(mu f) or 
53,000 ohms at 60 cycles) is seen to lead 
the 2-to-4 voltage by less than 20 deg. 

The size of the voltage across 45C 
(which is also the shield-grid voltage of 
tube 2 and lags 90 deg behind current 
7), is seen to be about ^3 as large as the 2-to-4 voltage. vSiuce this 2-to-4 
voltage is in phase with the anode voltage of tube 2, the 45C shield-grid 
voltage lags perhaps 75 deg behind the anode voltage. 
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Notice that the shield grid remains negative early in the half 
cycle of anode voltage, but crosses the zero line at point A. 
Ahead of point A, the shield grid is so negative that it prevents 



the flow of anode current, even though the tube-2 control grid has 
already become positive at B. When the shield grid swings 
positive, at A, it permits electrons to flow, cathode to control 
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grid; recharging 2C; at this same instant, the electrons flow 
cathode to adiode in tube 2, through WE, 69E and 68E to point 
L In this circuit, most of the a-c supply voltage appears across 
68E and 69E, charging capacitor 46C to the crest®-® of this volt- 
age. As shown at D in Fig. 12/, this voltage across 68/2 keeps 
the grid of tube 5 quite negative; the negative end of 68/2 is con- 
nected to tube-5 grid, through 9T, Transformer 9T is a peaking 
transformer, a nonelectronic device explained in Sec. 28-5. 
Transformer 97" produces no voltage most of the time, but gives 
two sharp peaks of voltage during each cycle; one of these voltage 
peaks is used for firing tube 5 later at point H, 

Although 46C discharges quite rapidly through 68/2 and 69/2 
(so that the control grid of tube 5 may become only 50 volts 
negative, as shown at E in Fig. 12/), 46(7 is recharged by the 
firing of tube 2; this lowers the tube-5 grid potential to F before 
the next positive voltage peak G from 97" can fire tube 5. So, until 
the starting switch is closed, tube 2 passes current once each 
cycle; its anode current recharges 46C to keep tuba 5 from firing, 
while its control-grid current recharges 2C so that 2C is always 
ready to control the weld time, as next described. Meanwhile, 
tube 6 cannot fire, as described in Sec. 12-16. 

12-14. Synchronous Action, Making the Weld. — ^The elec- 
trodes press onto the work metal before the starting switch is 
closed. To let current flow to make a weld, relay ICR opens its 
contact (in Fig. 12H), This disconnects point 5 from the 575 
volts at point 4, so the grid of tube 2 is not driven positive again. 
Instead, the tube-2 grid is kept negative by the voltage or charge 
of capacitor 2C, (Point 5 drops to the same potential as the 
slider on 2/2; the a-c voltage of slider-to-2 appears at K in Fig. 
12/.) Since tube 2 cannot fire, its anode current fails to recharge 
capacitor 46C ; as the voltage across 68/2 continues to decrease, 
the next positive 97" peak reaches up and fires tube 5 at H and 
again at /. Because tube 5 fires, tube 6 also passes current 
during its own half cycle, as explained in Sec. 12-16; we see that 
welding current flows for two complete cycles. 

This is a two-cycle weld because the resistor dial 9/2 is set at 
the two-cycle position. So set, most of 9/2 is shorted; capacitor 
2C must discharge through the unshorted portion of 9/2. Mean- 
while, the negative control grid keeps tube 2 from firing, even 
though its shield-grid voltage rises as before. At L in Fig. 12/, 
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\re see the voltage across 2C decreasing (at a rate depending on 
the setting of 9/2) ; at M the a-c voltage again has driven the con- 
trol grid of tube 2 positive, so that the shield-grid voltage again 
fires tube 2, at N. The anode current of tube 2 quickly recharges 
capacitor 46C, lowering the tube-5 grid potential at V ; this again 
prevents the 92’ peaks from firing tube 5. At W tube 5 cannot 
start another cycle of current flow, so the weld is ended. 

12-16. Using a Peaking Transformer. — As described in Sec. 
28-5, a peaking transformer has windings like an ordinary trans- 
former. However, although the input may be a sine wave, ther(' 
is so little iron in its core that the output is a sharp voltage peak. 

Such a peaked voltage is important in grid circuits of welding- 
control thyratrons. Since the peak lasts for only 5 or 10 degrees 
(compared with 180 degrees for half of a sine wave), this peaking 
transformer will not fire a thyratron at any point earlier or later 
than the desired point on the voltage wave. 

To adjust or choose the point where the voltage peak occurs, it 
is necessary to shift the a-c voltage applied to the primary of this 
peaking transformer. The primary winding is shown at P92', 
near the bottom of Fig. 12/2. By moving the slider on resistor 
50/2 to decrease the resistance,* we are able to make the voltage 
peak appear earlier in the half cycle of tube-5 anode voltage. By 
this adjustment, the welding current is made to start always at 
the power-factor angle of the welding transformer — the point 
where the current wave most naturally crosses the zei’o line. 

* As explained in Sec. 13-5, this connection of 50/2 and 40(7 (across tlni 
460 volts of the PIT transformer winding l-to-2) may be shown by a vector 

triangle. If the slider is moved until all 
but 2600 ohms of 50/2 is shorted, the current 
I leads the l-to-2 voltage by 60 degrees. 
(The 0.5 mu f capacitor 40(7 represents 
l,000,000/2ir/(7(mu f) or 5320 ohms at 60 
cycles.) The primary POT receives the volt- 
age that is between points 7 (mid-point of 
the l-to-2 winding) and point 14 (where 50/2 
and 40C join) ; this voltage is seen to lead the 
lrto-2 voltage by 120 degrees. By the 
reversal of the secondary leads, the voltage 
peak of 89 T is made to occur about 60 degrees (angle A) behind the l-to-2 
voltage. If the slider is moved so that more of 50/2 resistance is in circuit, 
the length of vector l-to-14 increases, and A increases; the 897’ peak fires 
tube 5 later in the half cycle. 
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12 - 16 . Leading-tube — ^Trailing-tube Action.-^While the start- 
ing switch is open and tube 5 is not passing current, tube 6 in Fig. 
121/ is prevented from firing, because of the a-c voltage of trans- 
former SIT in its grid circuit. As shown in Fig. 12J, this S17' 
voltage is exactly out of phase mth the anode voltage of tube 6, 
so the SIT terminal 9 is more negative during the half cycle when 
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Fig. 12 J. — Waveshapea in leading-tube-trailing-tube circuit. 


tube-6 anode is positive; this terminal-9 negative potential keeps 
tube-6 grid negative and prevents tube 6 from firing. During 
the half cycle (N in Fig. 12/) when tube-6 anode is negative, 
terminal 9 of S17' becomes more positive (shown at C). If this 
high positive voltage reaches the grid, tube 6 may be damaged; 
resistor 15/? takes most of this voltage and lets the grid, become 
only 15 volts positive, due to the arc drop. Capacitor IIC, con- 
nected across 15/?, becomes charged by the grid current as shown 
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in Fig. 12J. When the SIT voltage decreases, the potential at 
point 10 also decreases, as shown at D. Since IIC cannot lose 
this charge quickly, this IIC voltage forces the tube-6 grid more 
negative than point 10, as shown at E, In this way, accidental 
firing of tube 6, at point F, is prevented. 

Now we come to the circuit that fires tube 6 only if tube 5 has 
passed current during the half cycle before. In Fig. l2Hj notice 
the transformer whose primary P4T' is connected across the weld- 
ing transformer; its other winding S4:T is in the grid circuit of 
tube 6. When tube 5 fires and applies voltage across the welding 
transformer, this same voltage reaches P4:T, The waveshape 
of this voltage appears in the upper part of Fig. 1 2J. Just before 
the current of tube 5 stops, the voltage across PAT is (juite large, 
as shown J-to-K. When the tube-5 current stops, the voltage 
across PAT suddenly decreases to zero. This sudden change of 
primary voltage causes SAT to give a large voltage ^^kick.'^ This 
positive SAT voltage is larger than the negative voltage of SlTy 
and fires tube 6 at G. Current then flows through tube 6, so as to 
complete the full cycle started by tube 5. If tube 5 has not been 
passing current, SAT gives no voltage ^^kick^^ and tube 6 is not 
fired. 

To give a weld only }/'2 cycle long, switch 9S is closed in Fig. 
12//, preventing the SAT ^‘kick^^ from firing tube 6. Switch 
is combined with the weld-time adjuster 9/?; in the i/^-cycle posi- 
tion, 95 closes but the resistance of 9/? is the same as for a 1 -cycle 
weld. Tube 5 passes all the welding current. 

Although the sequence w^eld timers (Secs. 12-3 to 12-10) are 
welding controls, they mainly operate the seciuenco or mechanical 
action of the welding machine; they give no synchronous timing. 
In Fig. 12/f, this example of synchronous control lets welding 
current start to flow only at one point on the voltage wave, when 
the peaking transformer 597’ fires tube 5. Welding current is 
started always by tube 5; as tube 5 stops, tube 6 fires, so that the 
weld ends mth current flowing opposite to its starting current. 
The time length of the current flow is accurately controlled by 
the combination of 9/2 and 2C. 

For a small welder, the welding heat (amount of welding cur- 
rent) may be controlled by a series resistance (/2 in Fig. 12//). 
For larger welders, this change of heat is obtained by phase- 
shifting the thyratrons, as described in Chap. 13. 
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12-17. Welding with a Half Cycle. CR7603-A136. — k small 
welder sometimes gives best results if its transformer receives a 
current impulse of perhaps several hundred amperes, lasting about 
a half cycle or about 3^{oo «cc. The circuit of Fig. 12K uses a small 
ignitron tube 3 to permit this current to flow; for each weld, tube 2 
fires ignitron 3 only once, so that welding current flows during 
that half cy(;le only. 

In Fig. \2K^ tube 1 rectifies to produce a d-c voltage between 
l)()ints 4 and 6, which voltage is filtered by reactor 2X and capaci- 



tor 3C. Until the starting switch closes, contact ICR remains 
closed, so direct current flows through resistors 3/tJ* and 4ii as a 
voltage divider. Alost of this 4-to-G voltage a])pears across 
3/i!, and the large capacitor 5C charges to this voltage; (later, 5C 
will discharge, to fire ignitron 3). Notice that the cathode of 
thyratron tube 2 is connected at 5, between 5C and 4/^; the 
voltage across 4/f (while ICR contact is yet closed) keeps the 
shield grid 8 about 00 volts negative. Meanwhile, the control 
grid of tube 2 is kept about 45 volts negative (at point 7 on the 
7 R-8R divider) ; the voltage of the peaking-transformer secondary 

* The lOOM, shown next to resistor 3R in Fig. 12 /l, stands foi 100,000 
ohms; M is used in many diagrams to stand for 1000. Other diagrams use 
K to stand for 1000, so that 15K means 15000 ohms. 
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S2T forces the control grid positive once during each cycle of the 
a-c supply voltage. (This positive peak occurs during that half 
cycle when the anode of ignitron 3 is positive.) However, this 
peak does not yet fire tube 2, while its shield grid is 60 volts 
negative. These conditions are pictured at A in Fig. 12L. 

When the starting switch picks up ICR in Fig. 12K, the ICR 
contact disconnects point 9 so that the shield grid 8 loses its 60- 
volt negative bias. (Capacitor 4C helps to prevent any change* 
in cathode-5 potential.) The shield giid no longer prevents 



tube 2 from firing, so the next positive i)eak of S2T fires tube 2. 
Capacitor 5C (]uickly discharges, forcing electrons to flow from 
cathode to anode of tube 2, through 6/f, from pool cathode to 
ignitor of tube 3; this sudden current fires ignitron 3, so that 
anode current flows through tube 3 and the \^ elding transformer, 
making the half-cycle weld. When tube 2 fires and discharges 
5(7, notice how the potentials of points 5, 7 and 8 change instantl}^ 
in Fig. 12L. The tube-2 cathode 5 rises until the an ode-to-cathode 
voltage is too small at B to cause more flow of anode cur- 
rent; the tube-2 control grid immediately gains control, pievent- 
ing any further firing of tube 2. Cathode 5 drops to a potential 
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at (7, which depends on the voltage-divider action of 3/2, 8/2 and 
7/2; at this potential, cathode 5 is far above the peaks of S2Tj so 
tube 2 cannot fire a second time. 

liater, when the starting contact is released and ICR contact 
closes, point 9 quickly drops to the negative potential of point 6; 
for just an instant (at D in Fig. 12L) the tube-2 shield grid could 
be several hundred volts more negative than cathode 5, but this 
is prevented by tube 4. This neon glow tube^®"^ 4 acts as a 
voltage-regulator tube, so that it holds only about 70 volts across 
its terminals ; any exc^ess voltage appears across 5/2. In this way, 
the tubc-2 shield grid becomes no more than 70 volts negative. 

The S2T voltage ])eak gives synchronous control of the welder; 
this peak starts tube 3 to pass current, always at the same point 
in the a-c voltage wave. By turning the heat-control dial (2/2, 
lower right in Fig. 12K) to decrease its resistance, the S2T peak 
may be made to occur earlier in the half cycle, so that tube 3 
passes current for a larger part of the (*ycle, causing a hotter 
weld. This 2/2 adjustment* shifts the a-c voltage applied to th(‘ 
})eaking-transformer primary P2T; this is (‘ailed phase-shift heat 
control, as explained in the next chai)ter. 

Questions 

Tru< or false/ Explain why. 

1. A 5-inin time-delay relay is iM*<»(hMl to i)roteet the tubes iu all woldinji; 
controls. 

2. No point in a tube circuit may be belou ground potential. 

3. It is possible to make good welds \\ith curnMit that flows for \}2 or 
2>2 cycles, even if one weld is made soon after another weld. 

4 . Thyratrons give more accurate control of welding than big ignitrons 
can give. 

6. If a shield-grid thyratron is used in jdace of tube 1 in Fig. 12C, it 
fires before the start switch closes. 

6. A.e. and d.c. cannot be used in the same circuit. 

7. All circuits (in Chap. 12) that set the length of weld time, depend 
on the HC time constant. 

8 . Any wedding control is synchronous if it caret ully (H)unts the number 
of cycles while welding current flows. 

9. A dip in supply voltage while welding current flows affects the time- 
delay actions in Fig. 12//. 

10. Grid rectification (flow of grid current to charge a capacitor) is used 
(o) in Fig. 12//. (6) in Fig. 12/C. 

* This circuit of 2R. 2C and P2T appears again in Fig. 13/? and is described 
in Sec. 13-14, 
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11 . Suppose tlmt two timers are used together, so that the 2CR contact 
(84-to-8Z^ of Fig. 12B) becomes the “Start” switch of Fig. 12//. If ^Tl) 
(of Pig. 12/^) is set for 5 cycles, and 9/? (of Fig. 12//) is set for 10 cycles, for 
how many cycles docs the welding current flow? 

12 . If tube 3 of Fig. 12C is removed, what happens after the “Start” 
switch closes? 

13 . In Fig. 12/?, if 12/^ and 13/? total 30,000 ohms, how large is capacitor 
1 IC? (The shortest squeeze time is 2 cycles.) 

14 . In Pig. \2E^ is capacitor 12r (near tube 1) more likely to be 1 mu f 
or 0.001 mu f? Why? 

15 . In P'ig, 12A'^, if capacitor Oris shorted, how does this affect the welding 
results? 



CHAPTER 13 


GRADUAL CONTROL OF THYRATRONS 
BY PHASE SHIFTING 

Previous chapters have shown how the vacuum tube can grad- 
ually change the amount of its anode current in response to a 
gradual change in the signal voltage applied to the grids. We 
have also seen that very large currents (compared to currents 
carried by vacuum tubes) can be turned on and off by using 
thyratrons or ignitrons. At the same time, we have had to 
realize that the amount of current flowing through such vapor- 
filled tubes is limited only by the load circuit, just as the amount 
of amperes flowing through the tips of a magnetic contactor 
depends on the load supplied by the contactor. With a mag- 
netic contactor, the coil can close the contact tips, but cannot 
control the amount of current flowing through the tips. In 
the same way, the thyratron grid and ignitron ignitor can turn 
on or fire these tubes when desired, but cannot control or limit 
the amount of anode current flowing, once the tubes have fired. 

13-1. Varying Power Through Gas-filled Tubes. — Fortu- 
nately, there aie ways by which we can control thyratrons and 
ignitrons so that they ^^ill change or limit the average current 
flowing through them. Such methods are usually known as 
phase-shift controls. A phase-shift circuit is used in a welding 
heat-control unit (Fig. 13/) designed for use with an ignitron 
contactor to control the amount of current through the primary 
of a wTlding transformer. The secondary of this welding trans- 
former supplies current to the w’elder electrodes and in turn 
produces heat at the junction of the metals being welded. By 
using this heat control, it is possible to change quickly and 
accurately the amount of weld current and thereby control the 
w^eld heat. 

Before introducing the heat-control circuit, let us proceed 
through several basic steps: (1) see how a thyratron tube is 
often used to control an ignitron; (2) apply an alternating' 
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current grid voltage to control the thyratron; (3) study methods 
for changing the phase of this a-c grid voltage; and (4) watch 
the resulting waveshapes when two such thyratrons are con- 
nected to an inductive load. 

In (a) of Fig. 13^4, we close a single-pole switch S to connect 
voltage to the starter of an ignitron, so that as much as 40 
amperes can flow into the ignitor to fire this big tube. (A 
rectifier is in series with the ignitor to prevent the flow of reverse 
current, which would ruin the ignitor.^'®) In place of this 
switch, a thyratron tube is often used, as shown in (b) of Fig. 
13 A. Since the thyratron is connected in series with the ignitor 
or starter, the ignitron cannot fire until the thyratron first passes 
a ‘^slug’^ of current into the ignitor. Therefore, whatever grid 
potential controls the thyratron (turns it on or off in an a-c 
circuit) this same grid potential in turn controls the firing of 
the ignitron. With this combination of a thyratron and an 
ignitron, a large amount of current (perhaps thousands of 
amperes) can be controlled by small changes in the grid volt- 
age supplied at A (measured betweeji grid and cathode of the 
thyratron). This shows that an ignitron is easily controlled by 
a thyratron; we may now center our attention on the thyratron 
alone. 

13-2. The Thyratron A-c Grid Circuit. — In (c) of Fig. 13A, 
we find a single thyratron whose grid circuit includes a trans- 
former 27' which supplies a 60-cycle sine wave of grid voltage 
at A, By changing transformer connections, we can make 
this a-c voltage be exactly in phase with the a-c anode voltage 
of the thyratron, or be 180 degrees out of phase. (As we shall 
explain later, it is possible to get any phase relation between 
these extremes by means of an added circuit.) 

If transformer 2T is so connected that the tube grid becomes 
more positive at the same instant that the anode becomes posi- 
tive, the tube will fire at the beginning of every positive half 
cycle. As shown in (a) of Fig. 13J5, the grid is never negative 
at the right time to keep the tube from firing; that is,, the grid 
and anode voltages are in phase. (In all such diagrams, remem- 
ber that the cathode potential is represented by the zero line. 
No critical-grid-voltage wave is shown. See Sec. 11-5, foot- 
note.) At the very beginning of the half cycle, the grid potential 
is more positive than the cathode, and the tube fires at point 
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Z>, where the grid potential crosses the zero line. The tube 
passes current during the entire half cycle. 

Let us now interchange terminals 1 and 2 of transformer 2T. 
The grid potential now becomes more negative while the anode 
potential is increasing in a positive direction, as shown in (6) 
of Fig. 13/?. This shows that the grid voltage is 180 degrees 
out of phase Avith the anode voltage. In {h) while the anode 
is positive the grid is always more negative than the zero line, 
and so the tube never fires. (Although the grid potential 



(a) (c) 



(b) 


A*c supply 


J: 


I Phase-TTT r— 
jShiftingiA ^ 
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(d) 


Fig. 13A.- -iKuitioii fiicd b\ a th\ lation, anIioso voltage ma> be phase-shifted 


becomes positive during the half cycle A", the tube anode is 
then more negative than the cathode, and the tube cannot fire.) 

13-3, Shifting the Thyratron-grid Phase. — We must learn 
what happens in the tul)e when the a-c grid voltage is at some 
other phase angle than in the two cases mentioned. In Fig. 
13A, (d) shows the same circuit as (r), except that the dotted 
rectangle contains a ^‘phase-shifting circuit. As described 
later, this circuit can make the a-c grid-voltage curve either 
lag or lead the curve of anode voltage. By “lag^^ we mean 
that the grid-voltage curve does not cross the zero line and 
become positive until after the anode voltage has become posi- 
tive. The term “lead” means just the opposite; that is, the 
grid voltage becomes j^ositive before the anode voltage. If 
the grid crosses the zero line (in an upward or positive direction) 
one-fourth cycle later than the anode voltage, we say that the 
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grid voltage lags the anode voltage by 90 degrees. (One com- 
plete cycle is 360 degrees, including one positive half cycle and 
one negative half cycle.) 

If we now adjust the phase-shifting circuit of {d) so that the 
grid voltage leads the anode voltage by some angle 1^, the result- 
ing conditions are shown in (c) of Fig. \SB. When the anode 

Supply voltage 


anode volte 


voltage // 


liG. ISB . — Waveshapes ol anode* voltaj;e and gnd voltage. 

becomes positive, the grid is already j)ositive, so the tube fires 
at E. Even though the grid potential becomes more negative 
or below the zero line, as shown at F, it has no effect on this 
vapor-filled tube, since it is already passing anode current. 
The tube passes current during the entire halt cycle and all 
the following half cycles when the anode is positive. 

Now let the grid voltage lag the anode voltage and see what 
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happens. As is shown in (a) of Fig. 13C, the grid-voltage curve 
now lags the anode voltage by a small angle Z. As the anode 
becomes positive, the grid is still negative, as shown at A; the 
tube does not pass current. However, the grid voltage does 
not stay negative, but increases in a positive direction. Just 
as soon as the grid voltage rises above the zero line, as shown 
at (j, the tube fires. Once the tube has fired it makes no difiFer- 
ence what the grid potential is during the rest of the half cycle. 
Here we make the tube pass current for less than a half cycle; 



Fig. ISr. — Lagginjr grid-voltaKe waves for delayed firing. 

in (a) the tube conducts for about three-fourths of its entire 
half cycle. 

Figure 13(7 shows the same conditions at (6) as at (a), except 
that the grid voltage lags by a greater angle, so that the tube 
fires much later in the half cycle (as shown at H ) ; current flows 
for a smaller portion of each half cycle. 

13-4. Steam On and Off to Control the Heat. — ^The phase- 
shift control of thyratrons just described, is like a steam-heat- 
ing system that has no regulating valve; its ordinary valve can 
turn the steam full on or can shut off the steam completely. 
Yet we want medium amounts of steam, to give us less heat 
on a mild winter day than on a very cold day. 
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This need is met by adding a cycling’' device, which shut.s 
off the steam valve every 30 minutes, at each point A in Fig. 
13Z>. Then a thermostat is added, which controls only the 
turning on of the steam. During a cold wave, when the steam 
IS shut off at i4, the thermostat immediately reopens the valve 
so that the steam is always available. On an ordinary winter 
morning, there is enough heat if the valve stays shut 5 min 
before opening at B in Fig. 13Z). By 10 a.m. it is warmer out- 
doors, so the thermostat keeps the valve shut about 15 min 
(or one-half of each 30-min cycling period) before turning on 



liCr. ISD. Oii-ofT steam vahe acts like a phase-shitted Ihyratjon. 


the steam at C. Notice that the total or over-all amount of 
steam is less, as shown by the shaded blocks; yet the steam 
valve is either fully open or closed. If it is warmer yet l)y 
2 P.M., the steam valve stays closed most of the time, but opens 
at D for a few minutes. 

At the right in Fig. 13D, notice how' each half cycle of a-c 
voltage (although lasting only tf 2 o like the 30-min period 

just described. At (?, the thyratron (of Fig. 13F) is fired near 
the start of the half cycle; next it is shown firing near the middle, 
and at H it is firing near the end of the half cy(*le. Tn this 
w'ay, a thyratron is made to control the average amount of volt- 
age applied to its load, just as the on-off steam valve is made 
to control the average amount of heat. 

13-6. Producing Voltages Out of Phase. — ^l^o fire a thyratron 
at a later point, the a-c curve of th^^ grid voltage must be delayed 
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(see also Sec. 13*16); its phase must be shifted. Although the 
a-c grid voltage (in (c) of Fig. 13 A) may be reversed or shifted 
180 degrees out of phase merely by interchanging leads 1 and 2, 
this method cannot produce a gradual phase shift or give 
in-between amounts of shift. Instead, inside the phase-shifting 
rectangle (shown in (d) of Fig. 13 A) a resistor is usually combined 
with a capacitor or an inductance, so as to produce a voltage 
out of phase with the input a-c voltage. Examples are shown 
in Fig. 13J?. 

In (a) of Fig. 13£, resistor IR and capacitor 1C are connected 
in series across an a-c voltage that is in phase with the tube-l 
anode voltage; one end of 1/f is also connected to the tube-1 
(*athode, and the other end of IR is connected to the grid.* 
The a-(; voltage across resistor 17? is now the grid voltage of 
lube 1. What is the result? 

In this circuit, where the same alternating current flows both 
in a resistor and in a capacitor, the current leads the voltage. 
This is shown in (i>), where the current (/) wave rises above the 
zero line at T, ahead (to the left) of the a-c supply voltage 
wave. We can show this in another way, by using a vector 
diagram t as in (c). 

In (c) of Fig. ISjE, the current / is shown to be 45 degrees 
ahead of the voltage. To see if this amount is correct, we must 
know the ohms of resistor 1/?, and we must also calculate the 
ohms of capacitor 1C; (the capacitor ohms is the amount by 

* Hosistor H limil.s the ainount of grid current when the grid potential 
l>(‘coines positive. 

t A \(*ctMr is a line diawn like an arrow. Several such lines may be 
drawn to form the triangles in Fig. V6K\ here the length of each line shows 
an amount of voltage; the direction of the line and arrow’ shows whether 
that voltage is ahead of one of the other voltages. To explain this, suppose 
that the hour hand of a clock points at 3 o’clock. 4Vo hours later, when 
the hand points at 5, the new’ direction of the hand shows a later time. In 
the same way, a vector arrow ])ointing in the direction of 5 o’clock lags, 
or is later than the 3 o’clock arrow*; w’o say that the arrow pointing in the 
5 direction lags 60 degrees behind the arrow* pointing to 3. In our vector 
diagram of voltages, w e use an arrow* pointing in the 3 direction to represent 
the a-c supply voltage 1-2; this is the base line, or reference. Another 
arrow, pointing in the 5 direction, .show’s a voltage wdiose w*ave lags 60 
degrees behind the a-c supply voltage. Similarly, a vector pointing at 
12 o’clock is said to lead by 90 degrees, since such an arrows is 90 degrees 
a head of the 3 o’clock arrow. A vector pointing at 7 o’clock lags 120 degrees. 
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which a capacitof resists the flow of alternating current).* In 
(a) of Fig. 13E, 17? is 25,000 ohms; the 0.1 mu f capacitor 1C 

r— — IR /X >c supply 


25000 3 o.iwf 

ohms , 1 

— A-c supply — ' 


d ■ /JtH \ 
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I' lG. 13E. — Using resistors with capacitors or chokes for phase-shifting tlie grid 

voltagt*. 

has 26,()00 ohms (at GO cycles, since 2GG0/0.1 mu f = 2G,G00). 
Notice that the 20,000 ohms of IC and the 25,000 ohms of 17? 
are nearly equal; therefore the current / causes about the same 

* The amount of ohms of a capacitor is quickly calculated when we 
know the size (microfarads or mu f) of the capatdtor and the frequency 
of the a-c voltage applied to it. For any frequency /, the capacitor 
ohms * l,000,000/27r/C(mu f). 

In a 6()-cycle circuit, 27r/ = 2 X 3.1416 X 60 - 377; 

^ I I 1,000,000 2660 

so. at 60 cycles, capacitor ohms — >■ 

377 X mu I muf 
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amount of voltage drop across either IR or 1C. The vector 
triangle (c) shows the voltage 1-3 (across 1/2) by using a line 
about the same length as the voltage 3-2 (across 1C) ; the volt- 
age 1-3 across the resistor is in phase with current I (or points 
in the same direction as the /-current arrow). In this triangle, 
the current leads the supply voltage 1-2 by about 45 degrees. 

Since the voltage 1-3 across IR is also the grid voltage of tube 
I in (a) of Fig. 13//, this grid receives an a-c voltage wave 
similar to (c) of Fig. 13^; this grid voltage is not able to delay 
the firing of tube 1, so this circuit of (a) is not used for phase- 
shifting a thyratron; (it serves a special purpose in Fig. 11//). 
Instead, the circuit of (rf) of Fig. 13B is used; here the current I 
leads the voltage 1-2 by 45 degrees, as before. The voltage 
across 2C is used as the tube-2 grid voltage; this capacitor volt- 
age lags 90 degrees behind the current / (as shown in the vector 
diagram (c)), and lags about 45 degrees behind the supply 
voltage 1-2. This a-c grid voltage, therefore, delays the firing 
of tube 2, as shown in (a) of Fig. 13C. Since the vector 1-4 in 
(e) is about J'lo as long as the supply vector 1-2, ^^e know that 
this grid voltage is about 0.7 of the a-c supply voltage 1-2. 

If we use a 50,000-ohm resistor instead of 272 in (d) of Fig. 13£, 
the result is sho\\ n in (/) — more voltage across this resistor, less 
voltage across ca])acitor 2C. The current / leads the voltage 1-2 
by about 30 degrees, so the grid voltage 1-4 lags about 60 degrees. 
By increasing the resistance of 2R (or by using a larger capaci- 
tor for 2C), the grid voltage lags farther behind the supply 
voltage, and fires tube 2 later, or farther behind its own anode- 
voltage wave. 

13-6. Shifting a Voltage by Use of Inductance. — Like the 
resistor-capacitor circuits described above, an inductance (reac- 
tor or choke) may be used vith a resistor, as shown in (ff) of 
Fig. 13R; the voltage across resistor 3/2 is now the grid voltage 
of tube 3. In this circuit, vhcre the same alternating current 
flows through a resistor and an inductance, the current I lags 
behind the voltage 1-2, as shown in the vector diagram (/?). 
The voltage across resistor 3/2 (which voltage is in phase with 
current /) causes late firing of tube 3. If a smaller resistance 
(less ohms) is used as 3/2, the diagram (?) shows that the amount 
of current I increases; the grid voltage (across 3/2) becomes 
smaller and lags farther; tube 3 fires later. 
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The circuits of Fig. 13E will not phase-shift a thyratron more 
than 90 degrees or fire it later than the middle of the half cycle. 
To get a vdder range of phase shift, the circuit of Hg. 13F uses 
two resistors 5/i and 6/f as a voltage divider; mid-point 7 is con- 
nected to the tube-4 cathode, while the grid is connected to 9, 
where X and 47/ meet. The vector diagram is like (?) in Fig. 
13E, but Fig. 13F adds the vector 7-9, which shows the direc- 



h A-c supply — H \| 

Fig. \3F. Phahe-bbifting moic than 90 deg. 


tion of the tube-4 grid voltage. Notice how this grid voltage 
lags about 120 degrees behind the a-c supply voltage 6-8; it 
fires tube 4 very late in the half cycle, as shown at H in (6) of 
Fig. 13C. ‘ 

In place of the voltage divider 57? and 677 in Fig. 13F, industrial 
circuits often use a transformer winding with a center-tap, as 
shown in Fig. 130. 

We need not connect the tube-4 grid or cathode directly to 
the phase-shifting circuit, as is done in Fig. 13F; we may use a 



Fig. 13G. — Transformer 3T soparate.s tube 4 fiom the phase-bhifting bridge. 


grid transformer, as shown at 3T in Fig. 130. Resistors 47f, 
5R and 67f now combine with X to shift the phase of the a-c 
voltage supplied to the pymary of 3T; Fig. 130 shows this pri- 
mary-voltage vector as before, 7-to-9. Using 3T in this way, 
its secondary voltage (which is also the grid voltage of tube 4) 
may be any size; at BA its vector is shown smaller than 7-9. 
The vector arrow BA is shown pointing in the same direction 
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as 7-9. If we interchange the two terminals (connecting A 
instead to the cathode, B to the grid), the vector of grid volt- 
age is also reversed; the dashed line AB points upward so as 
to lead the a-c supply voltage 6-8. 

13-7. Variable Inductance in a Phase-shifting Bridge. — 
Figure 13J7 shows a circuit often used for adjusting the grid 
phase of thyratrons. (See also Sec. 16-4, where a saturable 



Fig. 13/r. — Phase-bhifting by using variable inductance. 

reactor acts like the variable inductance X of Fig. 13/1.) Here 
we have a transformer IT across an a-c supply JK, of the same 
phase as the tube anode voltage. This transformer has a con- 
venient mid-tap connection at M for one primary lead of trans- 
former 2T, Also across the alternating current supply is a 
reactor X and a resistor R in series with it. Their common 
point L is connected to the remaining primary lead of 2T. The 
voltage of a secondary winding of 2T is applied between the grid 
and the cathode of the tube whose current we wish to control. 

A reactor (such as X) usually is made of a large number of 
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turns of wire wound around an iron core. Figure 13-ff shows a 
reactor with a movable iron core (like a solenoid). Withdraw- 
ing the core decreases the amount of effective iron. With less 
iron, the reactor has less inductance; that is, it is less able to 
prevent the flow of alternating current through its windings. 
If the core of the reactor X (in the circuit shown in Fig. 13^1) 
is removed, the small inductance of X produces the short volt- 
age arrow, ^‘voltage across X” in the vector diagram in (b) 
of Fig. 13H,* 

If the iron core is now put back into reactor X, its inductance 
increases, causing a decrease of current I flowing through X 
and R. Since inductance X has increased while R remains 
unchanged, the vector voltage across X has increased, as is 
shown by the vector LK in (c) of Fig. 1377. Again at a right 
angle to LX, we show JL, the voltage drop across resistor R. 
This voltage across R has decreased. As a result of these 
changes, vector ML (voltage across 2T primary) has swung 
clo(;kwise, so that the tube grid voltage now lags by a much 
greater angle Z. The resulting relationship between the tube 
anode voltage and tube grid voltage is shown in (6) of Fig. 13C. 
Since the tube is kept from firing until point //, and passes 
current for only a small portion of each half cycle, the avc^i- 
age current is much less than before. We see that by increas- 
ing the indiKitance of X we have caused a corresponding decrease 
in tube anode current, 

* When a reactor is connected alone across an a-c voltage, the current 
in that reactor lags the applied voltage. In contrast, a resistor passes 
current that is in phase with the applied voltage. When reactor X and 
resistor R are connected in series as in Fig. 13^^, and are connected across 
an a-c supply, the same current flows through both R and X, so the voltage 
across R always lags 90 degrees behind the voltage across X. In (b) of 
Fig. 13// we see that the voltage across R (represented by vector JL) and 
the voltage across X (represented by vector LK) are at right angles to 
each other; vcctorially added together, they equal vector JK (which is th(‘ 
supply voltage). Between the mid-point M and the 90-degree-angle junc- 
tion L is a voltage (ML) that lags at some angle Z behind the supply voltage 
JK. This voltage ML is applied to the primary of transformer 2T; the 
secondary winding of 2r furnishes voltage at this angle Z, to the grid of 
the tube to be controlled. For the conditions shown in (h) of Fig. 13//, 
where the voltage across X is smaller than the voltage across R, the tube 
grid voltage (supplied by 27") lags by only the small angle Z behind the 
supply or tube anode voltage; the result appears in (a) of Fig. 13C 
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13-8. Phase-shift Control of Alternating Current. — So far 

we have studied a single thyratron tube and the phase-shift 
control of its grid circuit. Let us now connect two tubes back 
to back,®”® to act as an alternating-current switch, and watch 
them as they supply current to an inductive load. (Later we 
can extend this circuit to handle a large welding-transformer 
load, merely by letting each thyratron fire an ignitron some- 
what as in (5) of Fig. 13^.) In (a) of Fig. 13/ each of these 
tubes is controlled by its own separate grid circuit — S2TA 
supplies the a-c grid voltage to tube 1. However, since the 
current flo\\ing through the transformer load is alternating 
current, we show the voltage and current wave as in {h) of Fig. 
137. Here we see that the grid voltage (/S27-1) lags the anode 
voltage so that tube 1 starts to pass current at point G, yet the 
resulting current wave of (6) appears to be a continuous sine 
wave. When tube 1 is fired a1 point G, the current through 
the inductive load cannot increase abruptly, but increases 
gradually to its maximum at H, and continues to flow until I. 
However, I is the same as point 2?, where tube 2 is fired by its 
own grid voltage from >S27-2, so the current now starts to flow 
through tube 2. This is merely a detailed yay of saying that 
this inductive load draAvs current at a lagging power factor — 
the current waA^e lags about 45 degrees behind the supply- 
voltage AA^ave. Since aac fire tul)es 1 and 2 at this same 45-degree 
angle (the normal poAA’er-factor angle of this load), a complete 
sine Avave of current floAA^s through the trans'former load. 

If AA'e noAN retard or phase-shilt the a-c curves of grid voltage 
so as to delay the firing of thyratron tubt\s I and 2, until a point 
is reached about 90 degrees behind the supply-voltage curve, 
(c) of Fig. 13/ shoAvs that the current starts to Agaa’ through 
tube 1 at point J, The inductance of the load permits the 
current to increase at the same rate (as before in (6)), but the 
curi'ent has risen only as high as K before the a-c voltage decreases 
at the end of the half cycle, letting the current die out at L. 
There is no further current floAV until tube 2 is fired by S2T-2 
at point M. 

We notice that the height of the curve at K is loAA-er than at 
//; hoAA'ever, Ave noAV realize that this decreased current is not 
due to any grid control of the instantaneous current flow, but 
that it is due to the combined effect of the inductive type of 
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load and the delayed firing of tube 1. If the firing of the thy- 
ratrons is further delayed until a point about 135 degrees behind 
the supply voltage is reached, current then flows as shown by 
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13-9. Welder Heat Coatrel (CR7603-D137). — ^Tbis panel may 
be added to a standard! iffiitvcm coataetor so as to phase^Mft 
the ignitron tubes and provide variation* of the welding ciaarreiwt 
or ^‘heat/’ Figure 13J shows the basic circuit of this heat 
control. Notice that the thyratron tubes 5 and ^ are coui- 



Fig. 13/.- Weldei lieal coiitiol added to an itciution oontaotor. 

nocted as an a-c switch in series with the starting switch of the 
ignitron contactor. With the starting switch closed, ignitron 
tube 1 can pass current to energize the welding transformer, 
only when thyratron 5 fires; tube 6 similarly controls ignitron 2. 

In Fig. 13J the grid circuit of thyratron 5 includes tw’o trans- 
formers* instead of the single one previously described. The 

* Vlgure 12// shows two transformers used in this way, in the grid circuit 
of tube 6. 
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combined waveshape of those transformers is shown in Fig 
IS-Sl. Notice that the voltage of S5T~1 is an ordinary sine 
wave, but S2TA furnishes a narrow voltage peak that is high 
enough to force the tube grid positive for just a small part of 
the half cycle; this brief voltage peak* fires tube 5 at ^ and B. 
If we can change the position of this peak, we also change the 
point in the half cycle where tube 5 fires. If the voltage applied 
to the primary of 2T is in phase Avith the a-c supply, the volt^ 
age peak of aS 27-1 appears very near the beginning of the half 



cycle. However, if we j)has<‘-shift 2T (by applying to its pri^ 
mary a* voltage that lags the a-c supply voltage;, the })eak of 
>S2r-l occurs later in the half cycle of supply voltage, as is 
shown in Fig. ISK. 

13-10. Variable-resistor-capacitor Bridge. — In Fig. 13./, tub(‘ 
5 is fired by the voltage* peak of >S27-1 in its grid circuit. Notice 
the primary P2T of this {)eaking transformer competed in tin* 
upper part of Fig. 1.3J, which is a phas(^shifting circuit some- 
what like that of Fig. 13//. Figure 1.3J uses a variable resist orf 
30/? for adjusting the phase angle of the voltage applied to P2T; 
meanwhile, capacitor 13C remains constant. If 30/? is turned 

* Transformer 2T is a peaking; transformer, des(Ti})ed in 8<je. 28-5 and 
used before in Sec. 12-15. 

t Assume here that 29/? is shorted. In service, part of 29/? is left in 
circuit so that the S2T voltage peak cannot occur earlier than the point 
that gives the full ‘*heat’’ at the welder, even though 30/? is turned until 
its resistance is all shorted. 
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until all its resistance is shorted, then P2T is connected directly 
across part of P5T (connected to the a-c supply)'; the voltage 
peak of S2TA then occurs near the beginning of the half cycle. 

If SOP is now turned so as to insert some resistance, the cor- 
responding vector diagram* ((a) of Fig. 13L) shows that the 
voltage applied to P2T here leads the supply voltage by per- 
haps 135 degrees. However, by properly connecting the second- 
ary leads of S2T-1, we obtain the voltage peak S2T at a position 
about 45 degrees behind the sup- 
ply voltage. As was previously 
shown in (b) of Fig. 13/, firing at 
this 45-degree angle may provide 
approximately a complete sine 
wave of current flow through the 
tubes, or full ^‘heat at the welder. 

When we further incre^ase the 
resistance in 30/?, the vector dia- 
gram becomes like (b) in Fig. 13/.. 

The amount of current / is less, 
the voltage decreases across 13C, 
increases across SOP; notice that 
the size of the vector P27' is not 
changed, so the amount of aS2T 
(height of voltage peak) is not 
changed. The peak of >S2/' moves 
to the right, or occurs later in the 
half cycle; tube 5 fires later, piusses 
less average current and causes 
less “ heat ” at the welder. This condition is shown in Fig. 133f. t 
When tube 5 fires, because of the S2T-1 voltage peak at C, 
current flows through tube 5 and the ignitor of ignitron 1, but 
flows only long enough to fire the ignitron. The shaded area 

* Similar to (a) iiiul (c) of Fig. 13F, except that 1 ransformers 27' and 57' 
are added. 

t In Fig. 13.17, notice that the voltage of ^5T-l is 180 degrt'cs out of 
phase with the anode voltage of tube 5. As a further precaution to prevent 
tube 5 from firing at point A, we insert 19/^ and 9C in the grid circuit, as 
shown in Fig, 13J. By grid rectification,^ ** aS5T-1 forces current through 
19/?, charging 9C so that it is more negative at the grid connection. The 
result is shown at R (in Fig. 131/) where the grid potential has been made 
so negative that tube 5 cannot fire accidentally. 



fu.. 13L- Vector diagrams at 
seveial settings of 30/2 in Fig. 13J. 
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of Fig. 13M represents the combined current flow, first in tube 5, 
immediately followed by ignitron 1. 

If we now turn 30/2 to insert all its resistance, the peak of 
S2T occurs very late in each half cycle, as is shown in Fig. 13^^ ; 
the shaded area shows the decreased current flow that results 



Fig. iSM , — Voltages in tliyratroii grid circuit at medium weld heat. 

in ver}^ low heat at the welder. We see that by turning nvsistor 
30/2 we can gradually control the amount of tube current and 
the welder ‘‘heat.’^ 

The heat control described provides not only an accurate 
stepless means of varying the welder ^^heat,^’ but gives more 



Fio. 13A^. — Voltage waveshapes of thyratroris (Fig. 13J) at low heat. 

consistent welding results by starting successive welds at exactly 
the same point on the voltage wave. 

13-11. Welder Heat Control (Westinghouse Type). — ^This 
phase-shifting circuit, shown in Fig. 130, .uses a center-tapped 




Skc. 13-nj GRADUAL CONTROL OF THY RAT RONS 


163 


a-c input transformer A-B, a reactor X and resistor iJf.* (This 
inductance-resistance bridge circuit is like Fig. 13(?, described 
in Sec. 13-6, except that the positions of X and IR are inter- 
changed; the vector triangle appears above the horizontal line 
instead of below it.) Although this complete circuit may 
adjust or phase-shift the tube-5 grid voltage, as explained 
below, no change is made in the amount of inductance X or 
resistance IR in the circuit; the vector triangle ABD (shown at 
(a) in Fig. 13P) always has the same shape. The voltage CD 
cannot be changed and is not used. 

To get a variable voltage for the tube-5 grid transformer 47\ 
resistor 2R is added; taps are provided on and sliding con- 



Fig. 130. — Pha^e-»hiftiiig du*uit (We^tinghouhe type). 

tacts on \R and 2R. On X^ contact F is connected to the tap 
having a number close to the power factor of the welder, to 
prevent tube 5 from firing ahead of the full ‘^heat” point. f 
On 1/i, contact G is adjusted to prevent tube 5 from firing too 
late in the half cycle. After being adjusted for use with a 
certain welder, F and G remain fixed, and contact E is then 
moved to shift the tube-5 grid voltage and change the welder 
heat. 

Suppose that F is connec^ted to tap 80 on A", while slider G is 
moved near to the D end of 1/?. The vector result appears in 
(h) of Fig. 13P. The broken line from P to G is also the volt- 
age across resistor 2P; if slider E is near the middle of 2P, it is 
at that potential near the middle of line FG. The vector CT 

* Lawson, T. R., Resistance Welds With Electronic Control, Westinghouse 
Engineer, November, 1942. 

t A similar adjustment is made with 29R in Fig. 13/. See Sec. 13-10, 
footJiote. 
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(a) 


Current in secondary^ 
(demagnetizes work 


The minimum heat, when slider E is moved to t^e G end, is 
given by vector CV ; tube 5 fires at point V, and welding current 
flows for only a small part of the half cycle. 

13-12. A Half-cycle Magnetizer (CR7609-D110). — In mag- 
netizing a piece of metal by electricity, a large direct current 
must flow near or through the 
metal piece to produce a strong 
magnetic field. This large cur- 
rent must flow in one direction 
only, and may flow for a very 
short time. A half cycle of a-c 
power may be used, if it is prop- 
erly controlled. Instead of 
taking the large current directly 
at th(‘ a-c supply voltage, a 
transformer is used. Here, as 
in any transformer, the large 
secondary output current (per- 
haps 40,000 amperes is needed 
for magnetizing) results when 
the transformer flux changes. 

Therefore, a magnetizing ecjuip- 
rnent aims to produce a large 
change of flux in the trans- 
tornier, once for each piece to 
he magnetized. 

Figure 13Q shows two ways 
in which this change in flux 
(trom A" to 1") may be apjdied; 
the first is not so good as the 
second. In (a), after the metal 
piece is clamped into the sec- 
ondary circuit of the mag- 
netizing transformer, primaiy 
current flow^s for about a half 
cycle, so as to increase the transformer flux from A" to 
this magnetizes the metal piece. However, this large magnetic 
flux must then drain out of the transformer; as the flux 
decreases, a current flows in the transformer secondary, 
smaller than before but in the opposite direction; this current 



\ 


\ 
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before the 
current 
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partly demagnetizes the metal piece, so that some pieces remain 
magnetized more strongly than others. To avoid this action, 
(b) shows the use of a transformer that is pre-magnetized, because 
a small current already has been flowing through its primary 
winding in the reverse direction; this premagnetizing current 
produces the large transformer flux, before magnetizing the 
metal piece. Then, when a half cycle of current flows in the 
primary winding, in the forward direction, the transformer flux 
changes from X to Y, Notice that this flux changes in the same 
direction in both (a) and (6), and produces the same magnetiz- 
ing current. However, in (b) the flux is decreasing; any remain- 
ing flux continues to decrease in the same direction, so the 
secondary current does not reverse; the metal piece is not partly 
demagnetized. 

The magnetizing action shown in (6) is given by the circuit 
of Fig. 13/f; here the main current flows for a half cycle, and 
these electrons flow from line 1 through the ignitron tube 3 to 
point 3, and through the primary of the magnetizing trans- 
former to line 2. (Resistor 147? adds enough ‘Mummy load 
to make sure that the total current is large enough®’^ for th(‘ 
best operation of ignitron 3 ) Ignitron 3 is fired by thyratron 
tube 2, but not until alter the transformer has been premag- 
netized by current flowing through thyratron tube 4. 

13-13. Magnetize! Circuit Action. — In Fig. 13/f, tubes 1 
and 5 rectify the a-c supi)ly to produce about 500 volts d.c. 
l)et\\een points 4 and 5, and also l)et\\een 5 and 6. (While 
tube 1 rectifies full wave, tube 5 is connect ( h 1 as a half-wave 
rectifier, which uses the left half of transformer S27' during 
the same half cycle when the right-hand anode of tube* 1 is using 
the right half of S2T.) 

Before the starting sw itch is closed, the n-c contacts of relays 
2CR and SCR are closed, so capacitors SC and 4C are 
both charged. The voltage across 4C holds point 7 more 
negative than point 5 (cathode of tube 2) by 500 volts, so the 
voltage peaks of peaking transformer SIT are not high enough 
to fire tube 2. Neither does tube 4 pass current, for the SCR 
contact is open beneath tube 4. 

After the metal piece or load is clamped to the magnetizing- 
transformer secondary, the starting switch is closed to pick up 
2CR and SCR. Tube 4 immediately passes electrons, which 
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flow from line 2 through the magnetizing-transformer primary to 
3, through SCB contact, tube 4 and 13R to line 1. (At this time 
the control grid of tube 4 is kept positive by the small voltages 
of S2T and S3T.) As is shown at A in Fig. 13<S, these pulses of 
current through tube 4 gradually increase the magnetic flux* of 
the transformer; this premagnetizing current flows for about 
1 second before the next action starts. To control the length of 
the premagnetizing time, the charge on capacitor 4C in the grid 



Fk,. 13/?.- Circuit of a half-r\ do maKiietizor (rH7509-D110). 

circuit of tube 2 keeps tube 2 from firing until 4C hovS discharged 
through TU and 8/^; 8/f is adjusted to give 1 to 2 seconds’ time 
delay before a voltage peak of S\T can fire tube 2, at B in Fig. 
13S. When tube 2 fires, the energy stored in capacitor 3C forces 
electrons to flow from point 5 through tube 2, 10/f, pool to 
ignitor of tube 3, through 2X\ and the 2CR contact to point 9. 
'^rhis fires ignitron tube 3, which passes about a half cycle of 
current to cause the magnetizing action. (Although the tube-2 

* The flux remains nearly constant between current pulses, since the 
transformer secondary is short-circuited by the metal piece. 

t Reactor 2X Ifinits the rise pf discharge current from 30 , to give longer 
ignitor life. 
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grid is made positive by later SIT peaks, there is no anode volt- 
age until capacitor 3C recharges; this happens only when the start- 
ing switch is released.) The exact amount and length of flow of 
magnetizing current depends on the phase-shifting circuit of the 
peaker voltage SIT, as described below. 

After ignitron 3 fires, tube 4 must be kept from firing or its 
current may partly demagnetize the metal piece. So, when the 



Fig. Waveshajjes in the action of Fi#?. 


magnetizing transfoj-rner receives its voltage through ignitron 3, 
this voltage also energizes P‘ST, whost^ secondary S3T is in the 
grid circuit of tube 4. As shown at C in Fig. 13*S, the voltage of 
S3T charges capacitor 6C, by electrons flowing from terminal 15 
through S2T, cathode to control grid of tube 4, through 12/f and 
157? to 16. The time constant^"^ of 15/? and 6C is long, so that 
tube 4 cannot fire for about 5 seconds; the operator has time to 
remove the magnetized metal piece. The starting switch is then 
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released; a n-c contact of 2CR shorts 15/? through a lower resist- 
ance 11/?. The equipment is ready for the next operation. 

13-14. Control of Amoxmt of Magnetizing Current — Greater 
magnetizing current is obtained by firing tubes 2 and 3 earlier in 
the half cycle of a-c voltage; to do this, the SIT voltage peak is 
advanced by the phase-shifting circuit in Fig. 13/?, shown above 
the starting switch. This circuit combines capacitor 2C with 
variable resistance 2R so as to shift the phase of the voltage 
applied to the primary winding PIT as already described. 

In series with /'*17' are reactor IX, capacitor 1C and resistor 
1 /?. These add nothing to the normal operation of P 1 and so are 
not shown in the phase-shifting bridges of F'igs. 12«/ or 13/; such 
parts are included also in those 
equipments. IX and 1C com- 
bined act as a filter, resonant* at 
GO cycles; the GO-cycle power 
passes easily through this com- 
])ination, but impulses or voltage 
surges at other frequencies are 
prevented from reaching P\T. 

Owing to its special design, this 
peaking transformer will give 
false operation if the voltage 
across PIT changes or dips at 
any time other than wiien the 
GO-cycle voltage* crosses the zero 
line. 

The magnetizing transformer of Fig. 13/? has a value of power 
factor, like any welding transformer. If 2/? is set so that the 
voltage peak of *ST7’ fires tubes 2 and 3 exactly at this powder- 
factor angle, as shown at A in Fig. 137\ then the magnetizing 
current flow's for 180 degiws, or exactly a half cycle of time. If 
more of the 2/? resistance is inserted, the current starts to flow' 
later (as at B or C) and ends sooner than l)efore; as a result, the 
current w'ave is not so high, the magnet izing-transformer flux 
changes more slowly and the metal piece is not so strongly 
magnetized. 

* To be resonant at 60 cycles, the size of capacitor (in mu f) and the size 
of reactor (in henrys) are chosen so that, when frequency / 60, then 

2T/L(henrys) « l,o6o,000/2x/C(mu f). 


.A-C supply 
f ^ voltage 



1 lo 13 T. - 1 iriiiK point contioK the 
amount of nuignctizing euiicnt 
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If all the 2R resistance is shorted, the current starts to flow 
at Z), or just as soon as there is enough anode voltage to let 
ignitron 3 fire. Since this current starts ahead of the power- 
factor angle, the current rises higher; this current is the first 
positive portion of the transient wave in Fig. 12F, starting at W. 

13-16. Phase-shifting Methods. — There are several types of 
grid-circuit arrangement that can gradually change the firing 
point of a thyratron. 

1. In those phase-shifting circuits now described, the thyra- 
tron firing point is shifted by moving the whole a-c curve of 
grid voltage to the left or to the right; to do this requires a com- 
bination of resistance and capacity or inductance, one of which 
must be variable. 

2. In another method (described in Sec. 15-5), the thyra- 
tron grid circuit includes a constant a-c voltage wave, whose 
phase position remains fixed, so that it lags perhaps 90 degrees 
behind the thyratron anode voltage at all times. Gradually this 
entire a-c voltage wave is then raised or lowered, because of a 
variable d-c voltage in the grid circuit; in some circuits this d-c 
voltage is increased or decreased by the action of a high-vacuum 
tube. In this kind of circuit, when the current in a high-vacuum- 
tube anode gradually changes by less than a millampere, the 
thyratron current may also change gradually, through a range of 
several amperes. 

3. A third method uses no sine wave of a-c voltage in the grid 
circuit; instead, the thyratron grid responds to a different wave- 
shape, such as the sloping voltage curve produced by a slowly 
discharging capacitor. Figure IKV shows such voltage waves; 
similar discharge waves are used in Sec. 25-7 and in the thyratron 
grid circuits in the next chapter. 

Questions 

True or false? Explain why. 

1 . The glow seen in a vapor-filled tube K brighter when the tube is fired 
earlier in its half eycle. 

2. Phanotrons may be phase-shifted. 

3 . Voltages from many separate transformers may be used in a single 
grid circuit. 

4 . An a-c voltmeter, connected anode to cathode across thyratrons in a 
440- volt a-c circuit, will read only 440 volts or 15 volts. 

6. A d-c voltage may be phase-shifted. 
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6 . In many circuits 25 to 150 volts a.c. is applied directly to the grid 
of a thyratron. 

7. Any voltage that becomes more positive while the tube anode is 
positive (on a-c supply) may be used to phase-shift this tube. 

8. The size (height to the crest of the wave) of a voltage always changes 
w hen it is phase-shifted. 

9. In a 60-cycle circuit using 10,000 ohms and 0.5 mu f for phase 
shifting, the results are the same if 50,000 ohms and 0.1 mu f are used, 
instead. 

10. If the amount of anode current (of a thyratron) could be controlled 
(*ach instant by the grid potential, there would be no need for phase shifting. 

11. A thyratron may be phase-shifted by a-c grid voltages that lag the 
anode voltage, but not by a voltage w'ave that leads the anode voltage. 

12. A voltmeter, conncM'ted across a load supplied through phase-shifted 
thyratrons, must read more than 15 volts or the tubes fail to fire. 

18. To phase-shift equally two tubes connected back to back, the a-c grid 
voltage of one tube* must be in phase with the a-c grid voltage of the other 
tiiiie. 

14. Which of these pairs produce a 60-cycle voltage (between the R-and-C 
joint and the mid-tap of the a-c supply) w’hich is about 90 deg out of phase 
with the supply? 


(a) (' 

= 1 inu f, 

/? = 1 megohm 

(ft) 

0 1 mu f, 

1000 ohms 

(r) 

0.0025 mu f, 

1 megohm 

((/) 

0 001 mu f, 

0.2 megohm 

(i) <’ 

= 1 mu f, 

R = 2500 ohms 

(/> 

0.2 mu f, 

13,000 ohms 


0.03 mu f, 

20M 

(h) 

0.05 mu f, 

50M 


16. Which of the above pairs produce a voltage across the resistor that is 
about 90 deg out of phase with the a-c supply? 
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HEATING AND LIGHT-DIMMING CONTROLS 

In the preceding ohapterb large alternating currents pass 
directly through vapor-filled tubes; control of these tubes per- 
mits the control of large a-c loads, off and on, many times each 
second. Other large a-c loads may l)e turned on or off more 
slowly, such as the electric heaters in industrial furnaces, or large 
groups of lamps used for the lighting of theaters or displays. To 
hold accurately the desired temperature or amount of light, and 
gradually to change these amounts vhen desired, tubes need not 
directly carry or conduct the load current ; smaller tubes may l)e 
used, together with a saturable reactor. The following cir- 
cuits show how^, using such a reactor, a large a-c load (of up to 
hundreds of amperes and kilowatts) mav be controlled by a small 
direct current (part of an ampere). In this wa\^, small electron 
tubes may control much larger a-c circuits; the saturable react oi 
is the connecting link, and acts like a large poAver amplifier. 

14-1. Control of A.C. by Rheostat or Reactor. — The amount 
of alternating current passing through a load may be changed or 
controlled by using a rheostat, or variable resistor, such as R 
in P'ig. \4A. This rheostat must carry the load current through 
its owa) resistance and its sliding contact. While Avell suited to 
small currents, such a i-heostat is used less often to handle large 
currents, for it has large heat losses; too mu(*h force is needed to 
move the sliding contact, wdiich must be carefully maintained. 

Instead of a variable resistor, a variable reactor or inductance 
may be used in the a-c circuit, as showm at SX in Fig. 14 A; 
SX is called a saturable reactor, and is explained in Sec. 28-fi 
The alternating current passes through the high-current winding 
of SX to reach the load; the amount of this alternating current 
depends on how much direct current flows in the small d-c wind- 
ing connected to the battery. If there is no d.c., SX has large 
inductance or greatest action as a choke to prevent the flow' of 
a.c. In Fig. 14A, part (C) shows that most of the a-c supply 
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voltage is now across SX and very little voltage is across the load; 
SX acts like R with all its resistance in circuit, or nearly like an 
open switch. 

When the small dial resistor P is turned clockwise, the battery 
forces a small direct current through the d-c winding of SX 
(which is not connected to the a-c winding of SX), This d.c. 
partly saturates the iron core of /SX, decreasing its choke effect 
so that a larger alternating current may flow through SX and the 
load; (rf) shows that perhaps half of the a-c supply voltage is now 
across the load. Tf P is entirely shorted, the current in the d-c 




Direct ^ A-c supply vollnge 
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in SX 
\ I 

♦ ' , I 
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(e) 


Fkj. 14.4.' Sat ui able reactor giadually may change the a-c load voltage. 


winding of SX may yet be much less than an ampere; however, 
aSX has lost most of its choke effect so that the a-c load current is 
nearly as great as when SX is entirely short-circuited. Nearly 
the whole a-c suppl}" voltage is across the load, at (e). 

There is no electronic equipment in Fig. 14i‘l. Notice that the 
dial resistor P may be several inches across, yet turning it controls 
an a-(‘ load of hundreds of amperes. The reactor SX may be 
large and heavy, but it may be in another part of the building, 
far from the small dial P. 

14-2. A Battery-charging Regulator. — A saturable reactor is 
used again in Fig. 14^ to control the amount of a-c. voltage applied 
to the primary of transformer T, The secondary voltage of 2' is 
rectified by two phanotrons; the resulting voltage, A-to-B, is used 





174 


ELECTRONICS IN INDUSTRY 


[Chap. 14 


to charge a 144-volt storage battery.* As long as the contact of 
relay CR is held closed (by the spring shown above it), electrons 
flow from B to JD, through the d-c winding of SX to A ; this cur- 
rent saturates SX, so that most of the a-c supply voltage is 



Fig. 14B. — Battery-chargiiifi: regulator UMiig a saturable leaetor. 

applied to T. The T secondary voltage is so large (at J in Fig. 
14C) that it causes pulses of current K to pass through the tubes 
and charge the battery, t This current flows only during the 



latter part (L) of the cycle, when the T secondary voltage is at 
least 15 volts (tube arc drop; higher than the battery voltage. 

Rheostat V in Fig. 14R is set for the desired battery voltage. 
When charging current raises the battery voltage as high as 

* An all-tube battery chargcT is described later. A similar combination 
of variable inductance, anode transformer and phanotrons is used in a d-c 
motor controller. 

t The odd waveshape of T-secondary voltage results from the action of 
the saturable reactor, which has much less inductance near the end of each 
half cycle, as explained in Sec. 28-7. 
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desired, this high voltage forces enough current through the CR 
coil so that the coil pulls open the CR contact; this ^tops the flow 
of current through the d-c winding of SX, The voltage across 
transformer T decreases, so its secondary voltage (shown at M in 
Fig. 14C) is too small to force much current through the battery. 
(Reverse current cannot flow or discharge the battery, because 
of the rectifier action of the phanotron tubes.) However, as load 
current slowly lowers the batterj^ voltage, soon the CR coil can no 
longer hold the CR contacts open; direct current flow’s again in 
SXy the T-secondary voltage returns to height J, again charging 
the battery. 

14-3. Theater Light-dimming Control (CR7502).* — To dim 

the lights to any desired level, the voltage across each group of 
lights may be i*educed by a ‘dimmer plate (like rheostat R in 
Fig. 14^4 ) . Large modern theaters have hundreds of light groups, 
each needing separate control; this number of hand-operated 
dimmers takes too much space and causes too much heat. 
Instead, the current for each group of lights is adjusted by a 
saturable reactor;-”-^ Fig. 14i) shows the circuit used for a single 
grouj) of lights. With such a system, the reactors and tube con- 
trols may he ))laced far away; only the light-adjusting lever B 
nci'ds to be at the control desk near the orchestra pit. Such 
Iev’('rs, for hundriHls of lighting circuits, are mounted close 
together; by the joining of their circuits through small switches, 
dozens of light groups are controlled by moving one lever, f Just 
a single reactor and tube circuit is described below. 

At the left side of Fig. 147), the a-c sui)ply voltage is increased 
about 10 j)er cent by booster transformer T; this boost about 
equals the voltage drop across the saturable reactor SX it 

is fully saturated, and the lights are turned full on; in this w’ay, 
lamps of usual line-voltage rating may be used, although they are 
in series with the reactor. 

To furnish direct current for the saturating winding of SX, a 
thjTatron T and pha/notron P are used. When we increase the 
anode current of T (by control of its grid), the inductance or 
choke effect of SX decreases and makes the lights brighter. 

* The description of this circuit applies also to the furnace-heat control 
of Sec. 14-8. 

t Schneider, p], D., Thyratron Reactor Lighting (^ontrol, Electrical 
Engineering, June, 1938. 
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Later we will see how tube A and capacitors 1C and 2C control 
the grid of T, 

Since tubes T and P are connected in a manner not yet 
described, let us first study this action of tubes in an inductive 
circuit. (The d-c circuit of reactor SX is highly inductive, so 
that nearly a second is needed before the direct current reaches 
its full amount.) Figures 14£^, 14F and 14(7 are basic steps by 



liG. 14D. —Circuit for dimming theatoi 

which we reach Fig. 14//, where tubes 3 and 4 opei-ate like tubes 
T and P of Fig. 147). 

14-4. Phanotrons in A-c Inductive Circuits. — Tf a single phano- 
tron and an inductive load X are connected across the a-c supply, 
as shown in Fig. 14P, a small wave of current A flows for most 
of each cycle. Notice that this tube-1 current flows during both 
the positive and the negative half cycles of the a-c supply, yet 




A-c T 
supply 

i current 

bp, 




1h.. 1 \K. Action of mukIc phaiiotroii in inductive circuit. 

we know that this current flows only in one direction; this occurs 
only because the load is inductive and stores energy. Current 
begins to flow at B. Since the inductive load prevents rapid 
changes of current (as a flywheel prevents changes of speed) the 
tube-l current increases only to C before the supply voltage 
reverses. However, this current flowing in X has stored energy 
in X; this energy must escape before the current can stop. To 
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keep the current flowing through tube 1, the X energy produces 
a voltage J?, which is positive at the X terminal nearest the tube 
anode; this X voltage keeps the anode 15 volts more positive than 
the cathode. Current continues to flow through tube 1 until the 
energy has drained out of X, at point D. At the start of the next 
half cycle at a similar wave of current begins. 

If now another phanotron is added (tube 2 in Fig. 14F), notice 
how the current through tube 1 and X continues to increase, 
cycle after cycle, until the amount of current is limited only by 
the d-c resistance of X. Tube 2 is connecitc^l opposite to tube 
1 — any current flowing in one tube cannot flow at the same 
instant in the other tube. Electrons from the a-c line flow from 
5 through tube 1 and X to 7 during each positive half cycle. At 



14F. Two phaiiotront) peiiiiit trieutei cuiient flow in X. 


Gy when the supply voltage reverses, reactor A' generates a volt- 
age (as it did in Fig. 14E) that is positive at the X terminal 0. 
This X voltage forces electrons to flow from 7 through tube 2 to 
0; notice that these electrons flow through A" in the same direction, 
w^hether they flow' also through tube 1 or through tube 2. Since 
tube 2 permits this A" current to flow' unchecked during the nega- 
tive half cycles, the amount of direct current increases — each 
positive half cycle raises it higher. The final amount of direct 
current in Fig. 1#" may be many times greater than the size of the 
current pulses in Fig. lAE. 

14-6. A Thyratron and a Phanotron in an A-c Inductive 
Circuit.* — To show' the effect in an inductive circuit when w’e 
delay the firing point of a tube, Fig. 14G uses a thyratron 3. If 
the a-c grid voltage (from transformer T) fires tube 3 near the 
beginning of the half cycle, the result is as shown in Fig. 14i?. 

How ever, if tube 3 is fired late in the half cycle, as at J in Fig. 
14G, the tube current increases slow ly, rises only to K and stops 

* See also Sec. 15-12. 
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at L, Supply voltage is connected across A" during the interval 
ikf. The action of X is the same as before, until the energy has 
drained out of X. 

In Fig. 14^, a phanotron tube 4 is added across X. If thyra- 
tron 3 is fired early in the half cycle, Fig. 14F shows that the 
supply voltage appears across A"' nearl}" half the total time, so a 



Fig. 14(r. —Action of a th\iatit>n in inductive ciicuit. 


large current flows. However, when tube 3 is fired late, as at N 
in Fig. 14//, the current increases in X during only the brief inter- 
vals P. During the longer intervals Q, tube 4 passes current; this 
current decreases slowly, owing to the small heat loss in this circuit. 
The final amount of direct current (Fig. 14i/) is less than the dire(*t 
current in Fig. 14F, because the firing point of thyratron 3 is 
delayed. 



14-6. Thyratron Grid Circuit for Reactor Control. — In Fig. 
14D, tubes T and P control the amount of direct current in the 
d-c winding of saturable reactor SX (like tubes 3 and 4, described 
above). These vapor-filled tubes are prote(*.ted by the 5-miriute 
time-delay contact; after this TD contact closes, anode current 
flows in tubes T and P only when the grid of T permits. 

The grid circuit of T includes only the two voltages across 
capacitors 1C and 2C; both of these capacitors are charged by 
current flowing through rectifier tube A. During the half cycle 
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when slider B is more positive than N or 6, electrons flow from 6 
through IRj cathode to left-hand anode of tube to B; this 
flow charges 1C so that it is positive on the side toward the 
thyratron-7' grid. Similarly, the a-c voltage of the feed-back 
transformer 2T (center of Fig. 14D) forces electrons from its 
terminal 3 through 2/?, and cathode to right-hand anode of tube 
A ; this flow (diarges 2C so that it is negative on the side toward the 
thyratron-7' grid. Therefore, the 2C voltage opposes the 1C 
voltage; the 1C voltage tries to let thyratron T pass current, so it 
is a ^'turn-on voltage; across 2C is a ^^turn-off^^ voltage. 

Figure 14/ shows these voltages in the grid circuit of thyratron 
7\ Slider B (of Fig. 14D) is turiUMl to the up])er end so that 
full a-c supply voltage {lA to N) is applied across tube A and 17? 
in series; in this position, the voltage at slider B “ tells the con- 
trol circuit to kec]) the lamps ^Tull on,^^ or brightly lighted. 
This voltage B to N (shown in Fig. 14/) charges capacitor 1C, 
which loses very little of this voltage before the next flow of tube 
A current recharges it.* By itself, this 1C voltage would keep 
the grid of thyratron T positive at all times. 

Meanwhile, capacitor 2C in Fig. 14/) is ])eing charged ()n(*(^ 
each cycle by the a-c voltage 3-to-8 of the secondary of 27’, the 
feed-back transfoi-mer. The adjuster 2P is turned to its upper 
(Mid, so that the entire' voltage across the lamj) load is also api)li('d 
to the primary of 27’. This transformer has a 2-t()-l ratio tin' 
3-to-8 voltage is twice the primary or lamp voltage and is shown 
in Fig. 14/. Although (*apa(*itor 2C is charg('d by this largt' 
voltage, 2C loses nnjst of this charge within a half cycle (for 2R 
has less ohms than l/t', and the time constant of 2C and 2K is 
about ' 100 sec). By its(4f, this 2C voltage would keep the grid 
of thyratron 7’ negative at all times. 

WIkmi the ir voltage and 2C voltage are combined in the T 
grid circuit, the jvsult is found by adding these voltages together 
in Fig. 14/. The result is curve HSV, which show^s the potential 
at the grid of thyratron 7’. This T grid potential crosses the 
cathode line at so thyratron T is fired at this point, perhaps (50 
d('g late in the half cycle of 7’-anode voltage. The flow' of cur- 
rent (forced through the d-(* winding of SX by the part cycles of 

* The ohms of 1/^ and the mierofarads of IT are large so that the time 
constant^-* of this circuit is perhaps several seconds; there is little loss ol 
voltage during one cycle of time. 
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voltage, as shaded in Fig. 147) is enough to cause the lamps to be 
medium bright. If greater brightness is wanted (at this highest 
setting of slider 5), the slider of 2P may be turned clockwise; 
only a part of the lamp voltage is now applied to 2Tj so the 3-to-8 
voltage decreases. The new 2C voltage is shown by the broken 
line UX in Fig. 147. This smaller 2C voltage (combined with 
the unchanged 1C voltage) cannot keep the T grid negative later 
than Wj so tube T is fired nearer the start of the half cycle. This 
increases the average amount of direct current in SX and applies 
greater voltage to the lamps. In this way, 2P selects the highest 
lamp voltage or greatest brightness desired. 



Fig. 147. — W’aveshapes in the circuit of Fig. 147>. 


14-7. Dimming the Lamps. — To dim the lamps, the lever B in 
Fig. 147) is moved downward. This decreases the a-c voltage 
B-to-N] capacitor 1C discharges through IR until its charge is 
equal to this lower voltage, as shown in Fig. 14J. The left-hand 
cycle in Fig. 14*7 shows bright-light conditions, with thyratron T 
being fired at W, very early in the half cycle of anode voltage. 
About 1'2 sec after lever B is moved downward, there is much 
less voltage across 1C ; however, the lamp voltage has decreased 
very little, so the feed-back voltage 3-to-8 is still large. The sum 
of the 1C and 2C voltages produces a grid- voltage curve EF, which 
fires thyratron T quite late, at F, The current in the d-c winding 
of SX is permitted to decrease, so the lamp voltage decreases 
further. The right-hand part of Fig. 147 shows the final result; 
the 3-to-8 voltage has decreased and 2C has less voltage. The 
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new grid- voltage curve GH lets thyratron T pass current at H) the 
resulting current is just enough to make SX apply the desired lower 
voltage across the lamps so that they are not so bright. 

At any setting of the lever B in Fig. 14D, this circuit holds 
steady lamp voltage and brightness, although the number of 
lamps may be changed. Suppose half of the lamps are removed 
from this circuit. With less lamp current flowing through the 
a-c winding of SX, there is less voltage drop across SX, more 
voltage across the remaining lamps. However, as this lamp 
voltage starts to increase, the 3-to-8 voltage of 2T also increases. 
Capacitor 2C becomes charged to a higher voltage (but the 1C 



U 

14./ - x^ave^hape.s to dim the lanipts. 


voltage remains unchanged) ; the sum of the 1C and 2C voltages 
crosses the cathode line later, so thyratron T is fired later. Less 
current flows in the d-c winding of SX, so its inductance increases, 
causing greater voltage drop across SX and bringing the lamp 
voltage back to normal. 

A rise in a-c supply voltage tries to increavse the brightness of 
the lamps. Again, this increased lamp voltage increases the 
3-to-8 and 2C voltages, phasing back thyratron T; the lamp volt- 
age and brightness are held at the desired level. 

14-8. Reactrol Heating Control (CR7608-A109). — ^As the 
voltage of a large group of lamps is controlled in Fig. 14Z), the 
circuit of Fig. lAK controls the temperature of an electric furnace 
by gradually changing the voltage across the resistance-type 
heaters. Most of Fig. 14X is the same as Fig. 14Z>, so further 
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study is needed only of the circuits added at the left-hand side of 
Fig. 14:K. Instead of using a simple slider (like B in Fig. 14D), 
we control the desired furnace temperature by a voltage signal, 
which is produced between the sliders of two potentiometers 3P 
and 4P. 

To measure or respond to the furnace temperature, a separate 
temperature-control instrument is needed, which is not shown in 
Fig. ]4Kj except that this instrument contains and operates the 
slide-wire potentiometer 3P. This temperature-control instru- 
ment responds to the tiny voltage produced by thermocouple, 
mounted in the furnace. As the furnace temperature rises, th(‘ 
thermocouple produces a larger voltage, which makes the instru- 
ment move its slider to a position higher on the slide- wire of 3y\ 
Whilethe position of this slider changes onlv when the furnace tem- 



perature changes, the wh(>l(\slide-\\ir(‘ may be turmnl by hand. In 
Pig. 147iL, this slide-wire is shown as m^arly a complete circle, at 
3P; the resistance of this wire is very small, except for a small 
portion (about 100 ohms). When high furnace temperature 
is w^anted, the slide- wire circle is moved clockwise until W is near 
Z (w^hich is the position showm in Pig. \4K). The 3P slider 12 is 
touching the slide-wire below^ the W portion, so 12 is at the same 
potential as the end Y. This position “calls for’’ full heat to 
raise the furnace temperature. Let us see how^ this is done. 

In this circuit (left-hand part of Pig. 14/C), transformer 17' is 
the only source of voltage. Only about 8 volts a.c. appear 
between the two ends of the 17' secondary winding, and 4P is 
connected across this voltage. If the slider of 4P is at the center 
of its movement, the potential at this slider 10 is then the same as 
at mid-point U. Notice that 3P is connected across one-half ot 
IT secondary, so only 4 volts appear across the 3/^ resistance 
we W, 
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When the 3P slider is touching below W (with slider 10 at the 
center of 4P), points 10 and 12 are at the same potential, so no 
voltage is applied to transformer 3P. The 3P secondary winding 
is in the grid circuit of tube A. With no voltage in this grid 
circuit, the triode, or left-hand part of tube A, passes full cur- 
rent; these electrons flow from terminal 5 of Vl\ through resistor 
A, cathode to anode of the A triode, to the upper end of the IT 
high-voltage secondary. This flow charges capacitor A to a 
large voltage, which, as described in Sec*. 14-8, turns on tube 
saturates SX and applies nearly full line voltage to the furnace 
heaters. 

14-9. Regulating the Furnace Heat. — As the heaters gradually 
raise the furnace teinj^erature, the temperature-control instru- 
ment slowly moves the slider 12 along the slide-wire of 3P 
(ui)ward in Fig. 14if), until the slider moves onto the resistance 
wire W. Since W has 4 volts more potential at Z than at the 
1' end, the movement of slider 12 along W slowly increases the 
a-c voltage between points 12 and 10 11 the 5P slider is turned 

so that it touches at 12, all of this small voltage is applied to the 
ST primary. By the time slider 12 has moved partway across W, 
there is enough voltage (1 to 2 volts) across ST so that the ST 
secondary voltage makes the tube- A grid quite negative during 
each half cycle when the anode of triode A is positive. This 
decreases the triode-.l current and reduces the voltage across 
capacitor A; the tube-?' current decreases and the inductance of 
SX increases, so that only enough voltage is applied to the furnace 
heaters to keep the furnace at the desired temperature. 

A temperature-instrument pointer, wdiich moves when the slide- 
wire is turned by hand, is set at the desired furnace temperature. 
After the furna(*e has reached the resulting steady tempera- 
ture, a measurement may show that the furnace is hotter or colder 
than the pointer indicates. To decrease this error, ‘‘Position 
Adjustments^ AP may be moved. 

When “Width Adjustments^ 5P connects the 37" primary across 
the whole 12-to-lO voltage, the 3P instrument slider needs to 
move only a small part of the distance across W to change the 
furnace heaters from “full on” to “full oflP”; this controls the 
furnace within a narrow^ temperature range or width. To let 
the furnace temperature swing between wider limits, 5P is turn- 
ed so that only part of the 12-to-lO voltage reaches ST. Now the 
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instrument slider of 3P must be moved farther across W, to give 
the change from ‘‘full on^^ to “full off.'' 

When the hand pointer and slide-wire 3P are turned to a lower 
desired temperature, the slider 12 now touches above TT, at the 
same potential as The entire voltage Z-to-10 is available to 
make the ST secondary voltage drive the tube-^l grid negative; 
tube T is turned off, SX has its greatest impedance or choke 
effect, and the heaters are nearly shut off until the furnace cools 
down. When the temperature-control instrument moves slider 
12 partway down across IT, the ST voltage decreases enough 
to turn on triode A partly, giving just enough voltage at the 
heaters to hold the furnace temperature at this lower setting. 

Questions 

True or falser Explain why. 

1 . In Fig. 14/^, if one tube fails or is removed, all battery charging siops. 

2 . A saturable reactor is an amplifier. 

3. If a stiffer spring is used above CR in Fig. 14/^, the battery may be 
overcharged. 

4 . The circuit of Fig. 14/) will not work if point 7 is connected to 7.^1 
(so that the upper part of autotransformer T is not used). 

6. In Fig. 147), the circuit works if potentiometer B is connected across 
a d-c voltage instead of across transformer T. 

6. A saturable reactor produces no output voltage from its a-c winding. 

7. If the tube-A filament burns open (Fig. 147.)), the lights become 
brighter. (Assume tube T is a negative-grid-control tube. ^^-2) 

8. If too many lights are turned on (in the load circuit of Fig. 147)), 
tubes T and P may be overloaded. 

9. If the 2T terminals 3 and 8 become reversed (Fig. 147)), the lights 
turn off. 

10 . If a total of 2 amperes flows through tubes 1 and 2 in Fig, 14F, then 
the tube-1 current is 1 ampere if tube 2 is removed. 

11 . If resistor B burns open in Fig. 147iL, the furnace cools. 
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The tube circuits studied this far are used to control equip- 
ments that have little or no movement. Electric motors also 
are controlled by tubes; such tube circuits are often used with 
d-c motors, to give gradual and accurate control of the motor 
speed. 

15-1. The D-c Shunt Motor. — For use with electron tubes, the 
d-c motor has electrical parts as shown in Fig. 15A. The part 
that moves or rotates is the armature, whose current-carrying 
windings are connected to a part of the armature called a com- 
mutator, made of many copper bars 
shaped into a cylinder. The smooth, } 
curved surface of the commutator Inrush 

slides beneath carbon brushes; | 3 

through these brushes the direct cur- j field 3 

rent flow\s into or out of the arma- i 

ture. The d-c motor has one or * * ^ (if used) 

more field w'indings in its frame; a ISA .-—Connections and 

. « , , . ,. parts of a d-c shunt motor. 

senes field winding uses the same 

current as the armature, but the shunt field has a flow' of current 
separate from the armature. 

To increase the speed of the d-c motor, the voltage across the 
armature must be increased, or the voltage across the shunt field 
must be decreased. A field rheostat (FK in Fig. 15 A) is often 
used for speed control; however, w^hen the armature voltage is 
reduced by a rheostat T, a change in motor load also causes a 
change in speed. (A greater load increases the armature current 
and causes greater voltage drop across the resistance of T; this 
reduces the voltage across the armature, so the speed decreases.) 
This effect of load on speed is avoided if the armature is connected 
directly to a d-c supply whose voltage can be carefully controlled; 
such a supply may be a separate d-c generator whose voltage is 
varied by changing the generator field current. Similar results 
are obtained by using tubes, as wdll be shown later. 

185 


iG. 15A. — Connections and 
parts of a d-c shunt motor. 
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16-2. Armature Control and Field Control of Motor Speed. — 

The speed of a d-c motor is controlled through a wide range by 
changing both the armature voltage and the field voltage, as is 
shown in Fig. 15B. When the armature is (*onnected across the 
largest voltage that the motor can stand continuously (called its 

rated voltage), and the field 
t I ? current is also at its largest or 

I 1 p J, i rated amount, the full.y loaded 

Vanable R Constant runs at a medium speed, 

supply R Y supply called its bane speed. Figure 

i p T I shows the usual way of 

— L L 1 1 i I — ^ — * — oj)erating a motor below or 

Fig. 15B. Reveising annsituip ronttoi above its base speed; in this 

andsoi.a,atoad,«s.al.lof,eM ^xainplo, the baso Spmi is 

1750 rpin (revolutions j)er minutf ). At point A in Fig. 15C, 
notice that the armature voltage and field voltage are both at 
their largest amounts (250 volts), and this is at base speed. To 
reduce the speed, the field remains unchanged but the armature 
voltage is reduced (by lowering the d-c supply voltage). To 
make the motor run faster than base speed, the armature volt- 


Fig. 15B. Reveisiiig ariujituip ronttol 
and sci)aTato adiustablo field 


age is kept at 250 volts but the 
field voltage (and currcait ) is re- 
duced, by turning rh(H)stat FR 
(clockwise) to increase its resist- 
ance. If the field current is 
decreased too far, the motor 
speed increases above a safe 
amount (as above point B in the 
example of Fig. 15C). 

The d-c motor is usually started 
with full field voltage, but with 
reduced armature voltage, so as 
to decrease the inrush or start- 



0-c volts 


ing current. D-r motor opeiatinn 

rr, xi j* x* • above and below base speed. 

To reverse the dir(‘ction in 

which a d-c motor turns, the connections to either the field or 
the armature may be reversed. In Fig. 15B, the motor runs 
‘‘forward'^ when contacts F are closed, or runs ^'reverse^' when 


contacts R are closed. 
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16-3. Rectified Current for a D-c Motor. — ^To get a supply of 
direct current for the d-c motor, simple rectifiers (without grid 
control) are sometimes used, as in Fig. 15D. (Often both the 
armature and the field are supplied from a single rectifier.) 
These tubes change the a-c . . 


supply into pulsating d.c., but UaAaJ transformers \jjjjj 

cannot control the amount of 
the d-c voltage; therefore, the 

anode transformer must fur- A A 

nish the correct a-(! secondary 

voltage, which, after passing 1 . * I _ 

through the tubes, will become iw b 

the desired amount of d-c |~jij f Arny 3^/eld 

voltage. In Fig. 15D, the ^“T H -1 ^ 

field voltage (and current) is Li! 1 LfP.S-^ 

reduced l)y rheost-at FK to I5/>.— l)-c motor operation from 

. \ . , simple leetifieis. 

incn^ase the motor si)eed; 

full arinat.ure voltano is us(h1, except when starting the motor from 
ri>st. If contacts M and »S' both clos<‘ wliile the motor is at stand- 
still, (a) in Fig. loA’ slu)\vs the larg(‘ armature current (solid line) 
that flows, perhai)s hurting thecommutator. However, if contact 
,S' remains open, the resistor U rediU'es the starting current, as 


vny \ry 


Fn.. 15/>. — 1)-(* motor operation from 
simple leetifieis. 



At full speed Field current 


Fit*. 15E. - Waveshapes in motor eireiiit of Fig. 157). 


shown by the dotted line in (a). Notice that, just as the motor 
starts to turn, the rectifier output voltage forces current to flow 
in the motor armature during each entire half cycle of a-c supply. 
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As its speed increases, the motor produces a d-c voltage of its 
own (shown at V and W in Fig. IbE, and called the motor's back 
voltage or counter emf). Because this back voltage opposes the 
rectifier-output voltage, current flows in the armature only 
during the portions G, while the rectifier voltage wave is higher 
than V or W, At medium speed, (6) in Fig. shows that the 
armature current flows in pulses, each about a quarter cycle long 
and of medium size or height. At full speed, (c) shows that the 
back voltage is so large (at W) that the armature current flows in 
very short pulses, small in height.* 

Meanwhile, the motor operates wdth full field current; as shown 
in (d) of Fig. 15 jB, this current is nearly constant during each cycle, 
for the large inductance of the field winding prevents much 
change of current. 

16-4. Thyratron Control of Reeling Tension. — In Fig. 15F, a 
d-c motor turns a reel on which a strip of soft material is being 



wound; at A this mate'rial comes at constant speed. As more 
material is added on the reel and its diameter D increases, the 
motor speed must decrease gradually or the reel begins to wind 
the material faster than it is fed in at A. Tubes 1 and 2 are 
grid-controlled, to change the armature voltage of the motor, 

* These current pulses appear also in Fig. 14C, b(3cause a battery has a 
back voltage (like a running d-c motor) that prevents current from flowing 
except during a small part of the rectified a-c voltage wave. 
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thereby changing the motor speed; meanwhile, the motor field 
current (from another d-c supply) is left unchange<i. 

This circuit tries to hold steady tension or pull at B. At C 
a roll rides in a loop of the material; since the weight of C is 
constant, it gives a steady stretch or pull on the strip of material. 
If the motor turns too fast, the material at B moves faster than 
at A, and the C roll is raised; this upward movement of C decreases 
the motor speed, as explained below. If the motor slows down 
too much, the material lowers the C roll, and this increases the 
motor speed. 

In Fig. 15Fj the transformer 
IT supplies anode voltage to 
thyratron tubes 1 and 2; if 
these tubes let the whole volt- 
age wave pass through (like 
the phanotrons in Fig. 152)), 
the rectified voltage across the 
motor armature is so great 
that the motor speed is too 
high. By phase^shift con- 
trol, these tubes may be 
made to fire later during each 
cycle of a-c power supply; the 
voltage across the motor 
armature may now be so low 
that the motor speed is too 
low. Let us see how the 
movement of the C roll is 
made to give a signal to the 
thyratron grids, so that the 
average motor speed will re- 
main just right.* 

When the C roll is lowered, the lever E pulls the plunger of 
solenoid X farther out of the solenoid coil; this decreases the 
amount of inductance in X. This solenoid, together with resistor 
1/2, forms a phase-shifting bridge (as described in Sec. 13-7 and 
Fig. 132/). 

* Such an arrangement, where the operation (or change of tension) causes 
a mechanical movement or change in th? speed-control circuit, is called u 
mechanical feedback. 



Armature 

voltage 


voltage^V Armature 
voltage 

Fig. 15G\— Arinatuie- voltage wavc- 
in Pier. 15F. 
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As this inductance in X decreases, the voltage applied to trans- 
former 2T becomes more nearly in phase with the voltage of 1T\ 
each of the two secondary windings therefore fires its tube 
earlier in the half cycle. If the C roll reaches its bottom position, 
the plunger of X is withdra^^m so far that a large d-c voltage 
reaches the motor armature, as shown in (a) of Fig. 16G; the 
motor runs at bill speed, raising the C roll. If the C roll reaches 
its top position, the plunger is now fully inserted; the increased 
inductance of X makes the tubes fire late in the half cycle, so 
only a small d-c voltage reaches the motor armature, as shown 
in (c) of Fig. 15G; the motor slows down. The C roll rarely 
reaches either of these extreme positions; probably it floats 
near the middle position, so that the plunger of X is partly with- 
drawn. The medium d-c voltage shown in (6) runs the motor 
at about the right speed; a slight movement of the C i*oll 
changes the motor speed until the roll is back in its middle 
position. 

Notice how Fig. 156" shows that, to phase-shift or delay the 
firing of the tubes, we move the entire curve of a-c grid voltage 
to the right; the size of this a-c grid voltage does not change, 
and it is the only voltage in the tube grid circuit. 

16-5, Phase Shifting with a D-c Signal Voltage. — The circuit 
of Fig. 16H shows another way to phase-shift thyratron tubes; 
here the amount of d-c voltage across the motor armature is con- 
trolled or changed by moving the slider S on resistor 3R, Trans- 
former 17" supplies a-c voltage to the anodes of thyratron tubes 8 
and 4; a part of this 1 T voltage is used also for the phase-shifting 
bridge^®-’ of 172 and 1C. No part of this bridge cinaiit is variable; 
as described in Sec. 13-5, this 25,0()0-ohm resistor and 0.1 mu f 
capacitor are of the right sizes so that the voltage across 172 is 
about 45 deg out of phase with the IT voltage, or the voltage 
M-to-L is about 90 deg out of jihase with 17". Since this M-to-L 
voltage is applied to transformer 27", each 27" secondary winding 
supplies an a-c voltage that lags 90 degrees behind the tulie anod(‘ 
voltage at all times. But this a-c voltage perhaps is not the only 
voltage in this grid circuit. 

In Fig. 1577, to see what grid voltage controls tube 3, we must 
include all voltages between grid G and cathode K] there is the 
35-volt a-c secondary winding of 27" and also the d-c voltage 
between the 3^ slider ^tnd point K, where the two batteries are 
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connected together. Since each battery supplies 5p volts,* the 
mid-point of resistor 3K is at the 3 ame potential as K, When 
slider S is at this mid-point, there is no d-c voltage included in 
the grid voltage of tube 3; the result is shown at (a) in Fig. 15/. 
Here the a-c wave of secondary voltage (S2T) lags about 90 
degrees and fires tube 3 at point P; the tubes apply voltage to the 
motor armature for a half of each half cycle. Notice that the 
crest, or top, of this grid-voltage wave occurs on the line F-to-Z. 

If we now move slider S to the left on 3ifi, S be(*omes more posi- 
tive than K; the d-c voltage between S and K raises the whole 
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curve of grid \oltage, until it reaches the position shown in (b) 
of Fig. 15/. Notice that the shape and the size of the a^c curve 
of grid potential have not changed, neither has the curve moved 
to the left or to the right, for the crest is still on line F-to-Z. 
However, when the 50 volts d.c. (between S and K) raises this 
a-c curve, point Q is moved to the left, where the a-c grid- 
potential curve crosses the straight line of cathode potential. 
Tube 3 now starts to pass current at Q, and voltage is applied to 
the motor armature during almost all of each cycle, giving large 
d-c armature voltage and high motor speed. 

When S is moved to the right-liand end of 3/£ (in Fig. 15H), S 
* Few industrial circuits use batteiies in the way shown in Fig. 15H, 
These batteries merely serve as constant d-c voltages, t-o be replaced in 
later circuits by the constant d-c voltages from othi'r tub<>-operated circuits 
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is now 50 volts more negative than K; the whole curve of a-c grid 
potential is lowered to the position shown in (c) of Fig. 15J. 
Again, there has been no change in shape, size or phase position of 
the a-c voltage wave from S2T; its crest is still on line Y-to-Z. 

However, not until point R does 
the grid potential cross the 
cathode-potential line to make 
the grid more positive than the 
cathode. The tubes fire very 
late in the half cycle, so the 
motor armature receives very 
little d-c voltage and turns at 
low speed. 

From Figs. 15ff and 15/, we 
see that thyratron tubes may be 
phase-shifted by changing only 
the amount of d-c voltage in the 
grid circuit, while all the a-c 
voltages remain unchanged; a 
small-current d-c signal may 
gradually control the large-cur- 
rent output of vapor-filled tubes. 

16-6. Motor Speed Held Con- 
stant by Armature Control. — 
Figure 15F showed how a d-c 
motor\s speed is controlled by a 
mechanical movement (of a roll 
and solenoid plunger) that is 
changed into a phase-shifting 
signal. To hold a steady or con- 
stant motor speed, Fig. 15/ 
shows how the thyratron tubes 5 and 6 may be phase-shifted 
by using any change in the d-c voltage across the motor arma- 
ture. * The field current is constant, so the motor speed increases 
when the armature voltage increases; the circuit in Fig. 15/ aims 
to hold constant voltage across the armature and thereby to 
prevent a change of speed. 



Fig. 157. — Waveshapes in Fig. 15h 
as the d-c grid voltage varies. 


* This arrangement in Fig. 15/, where an electrical signal (such as motor 
armature voltage) is used directly in the speed-control circuit, is called an 
electri$al feedback. 
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Tubes 6 and 6 in Fig. 15J are phase-shifted by the same kind 
of circuit explained above in Fig. 15H. Instead of two batteries 
in the grid circuit, Fig. 15 J uses one 309-volt battery and uses 
the motor-armature voltage in place of a second battery. The 
armature voltage has a ragged waveshape (as shown in Fig. 15G), 
so X and 3C are added as a filter, so that the voltage across 
resistor 4/2 is a smooth average of the d-c armature voltage. 

To see what grid voltage controls tube 5, trace from its grid 
through 5R and the 35- volt winding S27\ to slider S; across the 
d-c voltage of 2R to point B, across the d-c voltage of 4/2 to 



Fig. 15J . — Using d-c armature voltage to regulate motor speed. 

cathode K, Notice that the 2R voltage bucks or opposes the 
4/2 voltage; if S is set so that 150 volts d.c. appears between S and 
B, and if the armature voltage makes 150 volts d.c. appear across 
4/2, then one of these voltages offsets the other; only the S2T a-c 
voltage remains in the tube-5 grid circuit. As shown in (a) of 
Fig. 15/, this a-c grid voltage by itself fires the thyratrons so that 
voltage is applied across the motor armature for only half of each 
a-c wave. This half voltage runs the motor at a medium speed 
and furnishes the 150 volts d.c. across 4/2. 

Suppose that a sudden dip in a-c supply voltage reduces this 
armature voltage to 100 volts, which lets the motor start to slow 
down. With only 100 volts across 4/2 (in Fig. 15/), the 150 volts 
between S and B is now 50 volts greater than the 4/2 voltage, so 
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the grid potential is raised 50 volts. The result appears in (6) of 
Fig. 15/; the whole wave of a-c supply voltage is now applied to 
the motor armature (after being rectified by tubes 5 and 6). The 
average d-c armature voltage returns to 150 volts or higher, so 
the motor does not slow down.* As the voltage across 472 also 
rises toward 150 volts, the 50-volt d-c “boost in grid voltage 
decreases to an amount that continues to hold 150 volts across the 
motor armature. 

At this point let us notice that the voltage of the battery (in 
Fig. 15J) does not change even when the a-c supply voltage dips. 
In any regulating circuit there must be such a voltage, which 
never changes, but which can act as a “ landmark or point of 
reference. This d-c voltage from the battery is called the refer- 
ence voltage in this circuit; (the battery may be replaced by any 
other source of d-c voltage, as long as that voltage remains con- 
stant or steady at all times). 

In Fig. 15/, the slider S is moved along 2/2 to select the desired 
motor speed. If S is moved suddenly to the right, decreasing 
the S-to-B voltage by, say, 50 volts, the 4/i voltage is now the 
larger; it lowers the position of the a-c grid- voltage curve, and 
the result is shown in (c) of Fig. 15/. The thyratrons are 
“phased off,^^ so that very little voltage reaches the motor arma- 
ture; as the motor speed decreases and there is less d-c voltage 
across 472, a new operating point is reached where the 472 voltage 
is equal to the S-to-B voltage. Slider S selects the amount of 
reference voltage >S-to-^; the circuit shifts the firing point of 
tubes 5 and 6 until the 472 voltage is equal to this reference 
voltage. 

16-7. Motor Speed Held Constant by Field Control.— In the 

circuits of Figs. 157^', 157/ and 15/, the tubes control or change the 
motor-armature voltage. Motors smaller than 10 to 40 hp may 
be tube-controlled in this way; for larger motors, the recjuired 
amount of armature current may be greater than siiitable tubes f 

* The average voltage sets the motor speed. ^J''he armature voltage may 
have any kind of waveshape (as in Fig. 15/); the voltage peaks and valleys 
follow each other too fast to affect the speed — only the average of these 
peaks and valleys has any affect on speed. However, this waveshape does 
affect the motor temperature, or heating. 

t Thyratrons and phanotrons are the types of tube best suited to supply- 
ing rectified current to a d-c motor armature. Because the motor generates 
a back voltage (so that only 25 to 100 volts remains between the rectifier- 
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can handle. However, the speed of both small and large motors 
may be controlled by using tubes in the motor-field circuit. The 
field current is perhaps Ko to J4o as large as the armature 
current. 

In Fig. 15K the field current is controlled so as to prevent 
changes in motor speed. This circuit is like Fig. 15J, except 
that a tachometer generator^*' ^ is added; a separate d-c source 
supplies the large current for the main motor armature and also 
furnishes part of the motor-field current, as set by rheostat K. 



Fig. \5K . — Using tachometer voltage and variable field, to regulate speed. 

When the motor field receives no current through tubes 7 and 8, 
enough current flows through N to prevent the motor from 
‘^running away^' or reaching too high a speed.^^"^ Any current 
flowing through the tubes increases the total field current and 
decreases the motor speed. 

When the motor is not turning, the ‘Hac-generator^’ voltage is 
zero; at highest motor speed, the “tac’^ generates say 100 volts. 
Since this is a smooth d-c voltage, no filter is needed. Notice 
that the d-c voltage across 4R in Fig. 15iC is positive at B (which 
is opposite to the 47i polarity in Fig. 15 J). Therefore, the volt- 
age across 2R has been reversed also, so that these two d-c volt- 
ages buck. The slider S is moved to select the desired motor 
speed. If the 5-to-J5 reference voltage is 50 volts, tubes 7 and 8 
are feeding enough current to the motor field so that the motor 

tube anode and cathode) ignitron tubes are not suitable for d-c motor- 
armature circuits unless the ignitrons have separate high-voltage ignitor 
circuits and ^'keep-alive anode circuits, as described in Sec. 18-8. 
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operates at medium speed; at this speed, if the ‘Hac^’ generates 
about 50 volts also, then only the a-c voltage of 82T remains in 
the grid circuit, as in (a) of Fig. 15/. 

If any load or voltage change makes the motor speed rise, the 
4/2 voltage also rises. Since the 4/2 voltage is now greater than 
the reference voltage /S-to-5, the a-c wave of grid voltage is raised 
to a higher position, where it fires tubes 7 and 8 earlier in each 
half cycle. The increased tube current strengthens the motor 
field so that the motor speed decreases to normal. 

Figure 15L shows the voltages in the grid circuit (of tube 7 or 
^ in Fig. 15K) for three positions of slider S. 



Fig. 15L. — Waveshapes in Fig. \bK. 


16-8. Electronic Motor Control — Weltronic Type Y. — To con- 
trol the motor speed through a wide range, both the armature 
and field voltage may be changed. One kind of circuit for such a 
complete motor control is shown* in Fig. 15ikf ; taking power from 
a-c supply lines, this equipment changes the motor speed when a 
small dial is turned. At any dial setting, the motor is started and 
brought to the desired speed merely by pushing a button; the 
motor remains at this speed, although the a-c supply voltage or 
the motor load may change. 

To keep a more simple circuit, many parts of the complete 
equipment are left out of Fig. 15il/, as will be mentioned later. 
In the diagram shown, the motor-field circuit fills the right-hand 
portion; we shall see that the field current is controlled in much 
the same way as in Fig. IS/f, described above. The field current 
is supplied through tubes 3 and 4, which are grid-controlled. In 
contrast, notice that there are no grids in tubes 1 and 2, which 

* Other circuits for wide-speed-range motor control are described in 
Chaps. 24 and 25. 
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supply current to the motor armature. (Here electrons flow 
from the center tap of the secondary of IT, to 9, through the 
armature to N, then from cathode-to-anode of tubes 1 and 2.) 
Although these tubes pass current during the whole a-c wave, 
the amount of the d-c voltage across the armature is changed by 
varying the amount of a-c voltage applied (13-to-14) across the 
primary of transformer IT. (This is like the battery-charging 
circuit described in Sec. 14-2.) 

In the upper part of Fig. 15Af, notice that transformers IT 
and 2T are connected in series across the a-c supply voltage 6- 
to-6. These transformers are not energized while contactor M is 
open. To start the motor, a push-button circuit (not shown) 
picks up M, whose contacts close next to 2T, and also next to IT. 

Transformer 2T is the part that controls the a-c voltage across 
1 T, and therefore controls the d-c armature voltage. To explain 
this action, Fig. 15iV shows these transformers with the secondary 
winding of 2T connected across a variable resistance R. When 
all of R is in circuit, the secondary voltage oi2T can force very 
little current A to flow through R and the secondary winding of 
2T. In this condition, 2T has very large inductance or choke 
effect — most of the a-c supply voltage appears across 2T, very 
little across IT. When the resistance of R is decreased, more 
current may flow at A, and this decreases the inductance of 2T — 
less a-c voltage appears across 2T, more across IT. Wlien R is 
shorted, the inductance of 2T is so small that nearly all of the 
a-c supply voltage now appears across IT. 

In Fig. 15Af, we see that tube 5 acts in the place of R just 
described. When tube 5 passes little or no current, this is like 
large resistance in R, so the a-c voltage across IT is small, and 
the motor-armature voltage is small. By increasing the tube-5 
current, we increase the 1 T voltage and the armature voltage. * 
Since tube 6 is a thyratron, we cannot gradually increase the 
amount of its anode current except by phase-shift control of its 
grid circuit. This phase-shifting is done by the bridge circuit of 
7T, 7R and saturable reactor GT, as described later.^®”^ For now, 

* Transformer 2T has a higher voltage secondary winding (1200 volts) 
so that tube 5 needs to carry less current. The tube-5 current flows during 
less than half of each cycle; the unbalanced effect on the a-c voltage across 
IT is offset by locating the center tap of the IT secondary winding a little 
away from the true center. 
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it is enough to know that, when tube 8 (lower center of Fig. 15M) 
increases the amount of current flowing in the d-c winding of 
reactor GT, this increases the amount of tu))e-5 current; this 
increases the amount of motor-armature voltage. Briefly, when 
tube-8 current increases, the armature voltage increases; so let 
us see what controls tube 8. 

16-9. Direct-coupled Amplifiers. — Tubes 7 and 8 in Fig. 15717 
are connected as a two-stage amplifier — that is, a signal at the 
grid of tube 7 (first stage) makes a stronger signal appear at the 



Fig. 153/.- -Tube control of motor .spO€*d — Weltronic type Y. 


grid of tube 8 (second stage). In this way, the amount of direct 
current flowing through GT is greatly (ihaiiged by a very small 
change of potential at point 19, grid of tube 7.* 

Notice how the d-c voltage across resistor (at lower center 
of Fig. IbM) supplies the anode circuits of both tubes 7 and 8. 
At all times, bT and tube 9 produce about 540 volts d.c. across 
972, which is positive at its upper end. The second-stage tube 8 
and its load 6T are connected between points 15 and 18; at lower 
potentials on 972, points 16 and 9 connect to the first-stage tube 
7 and its anode load resistor 8/2. p]ach of these tubes is an 

* Tubes 7 and 8 are shown as triodes in Fig. \^M ; they are really beam 
power tubes, but their screen grids and deflectjng plates are not shown. 
The circuit operation is understood without these added parts. 
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amplifier; they are said to be direct-coupled, since the voltage 
that appears across the resistance of 8/2 is not only the output 
voltage of the first tube 7, but it also controls the input or grid 
voltage of the second tube 8 — tube 8 is ^'coupled’' to tube 7 by 
the voltage across resistance 8ft. If the cathode 9 of tube 7 
becomes more negative and increases the flow of tube-7 anode 
current, there is greater electron flow from point 9 through tube 7 
and 8ft to point 16; the voltage drop across 8ft increases. Since 
the potential at 16 cannot change, this greater 8ft drop lowers 
the potential at 17; this lowers the grid potential of tube 8, 
decreasing the amount of electrons flowing from point 18 through 
tube 8 and 67" to point 15. 

In such a direct-coupled-amplifier circuit (in Fig. 15M), notice 
these points : 

1 . When current increases in the first tube 7, current decreases 
in the second tube 8. 

2. For each amount of steady grid voltage at the first tube 7, 
there is a certain fixed amount of grid voltage at the second tul)e 
8. (In contrast, when two ampli- 
fiers are capacitor-coupled, ® the 
grid of the second tube remains at 
a low potential except when the 
first-tube grid potential is rapidly 
falling.) 

3. The second-tube grid (point 
17) cannot become more negative 
than its cathode 18, unless the 
first-tube cathode (point 9) is 
quite more negative than 18. If 
the cathodes of tubes 7 and 8 were 
connected together, the tube-8 
grid voltage would be always positive and could not greatly 
decrease the tube-8 anode current. 

Adding tubes 7 and 8 to the armature- volt age-control circuit 
of Fig. 15ilf , we see that the armature voltage decreases when the 
tiibe-7 grid voltage (from grid 19 to cathode 9) increases the tube- 
7 anode current. As tube 7 turns on,'" tube 8 decreases the 
d.c. in 63^ so that the tube-5 cuiTent decreases; the a-c voltage 
decreases across IT, so that the d-c voltage across the motor 
armature decreases. ^ 


When ^ 

current « — a-c supply voltage— ^ 

IS 

sma 1 1 ^-Voltage across 2T-*|*1T^ 
medium -• — 2T --4* — 
large I^T^^Ahlloge across IT 

Fig. ISA". — Turning R changes 
inductance oi 2T and the voltage 
acrobB IT. 
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16-10. Weltronic Motor-control Operation. — Suppose that 
the 230-voIt motor in Fig. 15Jlf is running below medium speed, 
with about 150 volts d.c. across the armature. This armature 
voltage makes point 9 (at bottom of Fig. 15M, and at the cathode 
of tube 7) 150 volts more negative than Ny which is the connec- 
tion between the field, armature and armature-control circuits. 
Point N is now also at the same potential as 21, the slider of IP, 
whose dial has been turned by hand to select the desired motor 
speed.* 

At this speed, the slider of IP is below middle position, so 
there is perhaps a 160-volt drop between slider 21 and point 19. 
This makes the grid of tube 7 160 volts more negative than iV, 
while the armature voltage makes the tube-7 cathode 150 volts 
more negative than N ; therefore, the tube-7 grid 19 is only 10 
volts more negative than the cathode 9, and tube 7 is passing 
enough current to let the motor armature receive 150 volts. If 
a dip in a-c supply voltage decreases the 1 T voltage so that the 
motor armature receives only 140 volts d.c., this raises the poten- 
tial of cathode 9 so that it is 10 volts closer to N. This decreases 
the anode current of tube 7 which (as is explained above in Secs. 
15-8 and 15-9) increases the d-c armature voltage so that the 
motor speed is not affected by this a-c voltage dip. 

Let us watch the circuit work while the motor starts and comes 
up to this medium speed. Before the push button picks up con- 
tactor My a normally-closed M contact (lower left in Fig. 15M) 
connects points N and 19 and shorts capacitor 2C. (The voltage 
between slider 21 and point 19 now appears across the resistance 
of 2P and The grid of tube 7 is now at N potential; also, 

just at the instant when M closes its contacts in the motor- 
armature circuit, there is no armature voltage, so cathode 9 of 

* If very low speed is wanted, IP is turned so that its slider is at the 
bottom end next to 17/?. To run the motor at base speed, the IP slider 
is in its middle position; the upper half of IP has no resistance, so the 
middle position gives point 21 the same potential as point 20 (20 is a slider on 
resistor 10/?, which is adjusted so that the highest armature voltage is not 
above 230 volts). The d-c voltage across 10/? comes from 9T and tube 6, 
and is filtered by IOC. Turning IP above the middle position makes no 
greater motor-armature voltage; however, mounted on the same shaft with 
IP, the same dial also turns 4P (right-hand side of Fig. 15M), which decreases 
the field voltage to cause higher motor speed. Below the middle position, 
4P gives full field voltage. 
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tube 7 is also at N potential. Since there is zero grid voltage 
(between grid and cathode of tube 7), the anode current of tube 7 
is large; the a-c voltage across IT and the d-c voltage across 
the armature are both very small, just after M operates its 
contacts. 

Capacitor 2C decreases the amount of motor-starting current; 
without 2C, point 19 (grid of tube 7) drops suddenly 160 volts 
below N, shutting off all tube-7 current and applying full d-c 
voltage to the armature. However, with 2C in use, the grid 
potential of tube 7 cannot drop suddenly; the voltage between N 
and 19 increases gradually as capacitor 2C is charged by electrons 
flowing from 19 into 2(7, and from 2C through 1172 and 2P to 
point 21. The amount of resistance used in 1172 and 2P controls 
the speed with which 2C charges,* so the slider of 2C is set for 
the desired time delay while the motor speed rises. As the speed 
rises, the voltage across the armature increases so that point 9 
becomes more negative (than N) about as fast as 2C lets 19 
become more negative (than N); the tube-7 current does not 
change suddenly, but gradually increases the armature voltage 
until the motor reaches the speed selected by the setting of IP. 

Other features, which are not shown in Fig. 15Af, but which are 
usually supplied in this complete motor-control equipment, 
include the following: reconnection to operate with either 230- or 
460- volt a-c supply; a time-delay relay for tube-warming pro- 
tection; contactors to reverse the motor direction and to provide 
fast stopping by dynamic braking; automatic speed compensa- 
tion to hold constant motor speed, although the motor load 
changes. 

16-11. Field-circuit Operation. — While the armature circuit 
operates as has been described above, the field tubes 3 and 4 
(in Fig. 15M) are passing electrons, which flow from ST mid-tap 
to 3, through the motor-field winding to 4, through a fuse, a coil 
of relay (772P, then cathode to anode of tubes 3 and 4. (CPP pre- 
vents motor operation unless normal field current is flowing. 
CRF remains picked up when the field current is decreased by the 
high-speed settings of 4P ; however, unless both tubes 3 and 4 work 
properly, there is not enough field current to keep the CRF con- 

* The time constant^’® of 1112, 2P and 2€ is variable from to 2 seconds, 
so that 2C may affect the amount of armature current for as much as 3 to 
10 seconds. 
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tact closed; therefore, it opens the ^'Stop^^ circuit of the motor, 
not shown.) 

While the motor is coming up to base speed, and whenever the 
speed dial (IP and 4P) is below the middle position, tubes 3 and 
4 pass current steadily to give full field strength and greatest 
motor torque. The phase-shifting part of the field circuit (in 
the rectangle at the right-hand side of Fig. 15M) includes an a-c 
grid-voltage wave, which lags behind the anode voltage of tube 4. 
As described above,^®"® this entire a-c wave is raised or lowered by 
a d-c voltage, which is produced between N (cathode of tube 4) 
and Q (signal input to the rectangle). Notice that Q is con- 
nected to slider 23, which is 230 volts more positive than point 9. 
While the motor is starting or while its speed is low, the voltage 
between 9 and N is less than 230 volts. Tracing from the tube-4 
grid, through 14/2 and the phase-shifting rectangle to slider 23, 
then negative 230 volts to 9, and positive less-than-230 volts to N 
and the tube-4 cathode, we see that N is more negative than point 
Q. Tubes 3 and 4 passs current for their entire half cycles, until 
the armature voltage approaches 230 volts; then the a-c gi id- 
voltage wave in the rectangle starts to affect tube 4. If 4P is 
below middle position, this a-c wave fires tube 4 early in its half 
cycle. When 4P is turned above middle position, the decreased 
resistance of 4P delays the phase of the a-c grid-voltage wave so 
that tube 4 fires later; this decreavses the field current and raises 
the motor speed. 

15-12. Phase Control of Two Tubes by One Grid. — As has 

been just described, the amount of anode current of tubes 3 and 
4 (in the motor-field circuit of Fig. 15M) may be changed by 
phase-shifting the grid voltage of tube 4 alone; meanwhile the 
grid of tube 3 is connected to its cathode, so that tube 3 acts as a 
phanotron (vapor-filled diode). Such control of two tubes by 
one grid is used only in an inductive circuit. Somewhat similar 
action is described in Sec, 14-5 and Fig. 14//. 

Tubes 3 and 4 of Fig. 15M are shown again in Fig. 150 as a 
phanotron and a thyratron. The phanotron tube 3 always passes 
current during that entire half cycle when its anode is positive; 
the thyratron current depends on its grid voltage. If thyratron 
4 is fired early at A, current flows steadily through each tube in 
turn, and through the inductive load X; there is little variation 
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or ripple in the current as shovm in (o) ; many cycles may pass 
before the current rises to the amount shown. 

If thyratron 4 is kept from firing (by phase-shift control of its 
grid) until C, part ( 6 ) of Fig. 150 shows that the current flows 
through tube 4 during only the cycle from 0 to Z); the current 
transfers to tube 3 at point D. Notice that tube 3 continues 




Fia. 150. — Grid coiitiol of one tu!)c chaiiKos the cunent thiouKh two tubes 

to pass current for ^4 cycle, or until tube 4 is again fired; at E the 
voltage across -Y continues to follow the a-c i\ave of tube -3 anode 
voltage — this is a negative voltage (from E to F), A\hich bucks or 
decreases the current flowing through A"', so that the amount of 
this current decreases from G to H. When tube 4 again fires, the 
positive voltage at I increases the current flow, which may not 
lise to the full amount before it is again decreased by the delayed 
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firing of tube 4. The average direct current in (b) is less than 
that in (a). 

If the firing of tube 4 is further delayed to J, part (c) shows that 
the average direct current is much less than before; the result is 
nearly the same as if the phanotron were being used alone, as 
shown in Fig. 14E. 

Questions 

1. In Fig. 15//, what is the largest voltage that appears across grid 
resistor 5R when slider S is at extreme left? At extreme right? 

2. In Fig. ISX, if the motor-field current i»-8 amperes at base speed, and 
the field current must never become less than 3 amperes, how many amperes 
(average) must tube 7 carry? 

3. In Fig. 15Mj which devices act as amplifiers that may increase the 
strength of a voltage signal received at the tube-7 grid, until it is able to 
change the amount of d-c armature voltage? 

4. In Fig. 15M, where is the reference voltage for the motor-armature 
voltage? 

True or false? Explain why. 

6 . In a two-stage, direct-coupled amplifier, the anode current of the 
second tube rises only when the first-tube-grid signal becomes more negative. 

6. A field thyratron is more heavily loaded above base speed than below 
base speed. 

7. A motor armature, supplied through phase-shifted thyratrons, receives 
a smoother voltage waveshape at high motor speed than at very low motor 
speed. 

The following all refer to Fig. I5il/. 

8. The starting current of the motor is decreased because of electrical 
feedback. 

9. At medium speed, if rectifier tube 9 is removed, the armature voltage' 
decreases. The field voltage increases. 

10. The armature voltage has the same waveshape (but of different 
size) at both high and low speed. 

11. The amount of field current has no effect on the amount of voltage 
across the armature. 

12. While the motor comes up to base speed, the voltage across HR and 
2P is in the tube-7 grid circuit. 

13. If IP is suddenly moved from middle position to a lower speed 
position, 2C prevents a sudden increase of tubc-7 current. 
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In a way similar to that of the motor drives described in Chap. 
14, a d-c motor is used in the automatic control of arc welding; 
this motor's average speed is varied to give the right size of 
electric arc to melt the welding rod. 

16-1. Arc Welding . — Most arc welding is done by an operator 
who moves a metal rod or electrode toward the work being 
welded ; he watches the bright electric arc, which slowly melts the 
metal at the end nearest the work. If he moves the rod too fast, 
this decreases the length of the arc between the rod and the work. 
If he holds the rod still, it slowly ‘‘burns back"; then the length 
of the arc increases until the arc “goes out." 

The electric power that makes the arc may be a.c. or d.c.; the 
amount of voltage across the arc (measured between the rod and 
the work) decreases as the arc length decreases. 

When the same shape of work is arc-welded hour after hour, 
an automatic machine, or welding head, may be used. A tube- 
operated d-c motor moves the welding rod toward the work; at 
the same time, another motor moves either the welding head or 
the work lengthwise so that the arc travels, making a bead or a 
strip of welded material. 

The voltage across the arc is the signal that controls the motor 
that feeds the rod to the work; when the arc voltage rises, the 
motor must feed the rod faster; a decreasing arc voltage slows 
or stops the motor, letting the rod burn back to lengthen the arc 
and bring the arc voltage back to normal. 

16-2. Unionmelt Voltage Control (Type UM). — One kind of 
arc-welding equipment controls its rod motor by the circuit shown 
in Fig. 16A. The motor armature receives its d-c voltage 
through thyratron tubes 1 and 2, which rectify the a-c voltage 
supplied by transformer 3T. The motor field receives constant 
current from S2T and rectifier tube 3. The power supply for 
making the weld passes through switch W (lower left) ; W is left 
open until the equipment is ready to weld. 

205 
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When control switch S is closed, transformer 2T heats the 
tubes and soon produces full motor-field current. After the 5- 
minute timer TD closes its contact, transformer 37" applies volt- 
age to the anodes of tubes 1 and 2, and the equipment is ready 
for welding. Notice that the amount of 37" voltage is adjusted 
or changed by moving the contact on autotransformer SC) this 
contact is moved by hand, to select the desired motor speed when- 
ever tubes 1 and 2 are firing. When SC is turned clockwise 
(toward the top, in Fig. 16A), a smaller part of the a-c supply 
voltage is applied to 37", so the motor receives less d-c armature 
voltage and turns at a lower speed. Usually SC is set so that, if 
tubes 1 and 2 pass current all the time, the motor moves or feeds 
the welding rod faster than it is needed. Tubes 1 and 2 act like 
an ^'on-off"" switch, to apply voltage to the motor for part of each 
second, so that the motor runs at a lower average speed; this 
speed is controlled by the grids of tubes 1 and 2. 

Tubes 1 and 2 are positive-grid thyratrons,^^"^ a type that fires 
only when its grid is perhaps 10 volts more positive than its cath- 
ode. Tube 1 in Fig. IGA passes current only when there is 
enough voltage across resistor P so that the P slider is 10 volts 
more positive than cathode 5. This voltage across P comes from 
transformer 17"; whatever a-c voltage the 17" secondary (winding 
8-to-9) produces, is rectified by tube 4 and is filtered by 1/., 1(>", 
2L and 2C; a larger a-c voltage 8-to-9 causes a larger d-c; voltage 
2-to-3. (Although P and 47" are connected together across tliis 
2-t()-3 voltage, most of this voltage appears across P, sinc(‘ th(‘ 
4P winding has much less resistance than P.) l"he primary of 
17" is connected (at A and B) across the voltage of the arc that is 
making the weld. 

This arc weld is using a-c welding-power supply (lower 1(44 in 
Fig. 16A), so the arc voltage A-to-P is an a-c voltage.* If this 
arc voltage increases, the d-c voltage across P increases also. 

Before the welding is started, (and with switch W open), the 
motor may be operated by closing the ^*Inch"" button (lower 
center in Fig. 16A). This button connects the 6-to-7 voltage 
(always present across S2T) to the secondary of 17"; the resulting 
d-c voltage across P makes the tube-1 grid much more positive 

* D-c welding-power supply may be used; a switch (not shown) then 
disconnects transformer XT from the arc voltage, and connects D to D and 
C to C, so that the d-c arc voltage is applied directly between points 2 and 3. 
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than cathode 5. Tube 1 passes electrons, which fl-pw from the 
mid-point of anode transformer 37", to 4, through the RL switch 
and the motor armature to point 3, through 47" to 5, and cathode 
to anode of tube 1. Notice that tube 2 is not controlled directly'' 
from the P slider. Instead, tube 2 fires only after tube 1 fires.* 
When current flows through tube 1 and 47", the secondary voltage 
of 47" charges capacitor 3C. In the next half cycle, when the 
tube-2 anode is positive, this 3C charge still keeps the tube-2 grid 
more positive than cathode 3, so tube 2 passes current for its half 
cycle also. (This arrangement lets tube 2 have a turn-on grid 
voltage different from tube 1, so these two tubes need not be 



closely matched.) As long as the ‘‘Inch” button is closed, 
current flows through tubes 1 and 2 and the armature; the motor 
turns, lowering the rod toward the work. To raise the rod, the 
RL switch is moved to the other side, reversing the flow of current 
in the motor armature; when the “Inch"’ button is closed, the 
motor turns in the opposite direction. 

To start the weld,t suitch IF is closed; at once the arc voltage 
controls the motor. (The desired arc volt^age is set by the posi- 
tion of slider P. To get greater arc voltage, the slider is moved 
toward 5; the 10 volts needed for firing tube 1 now occurs only 
when total ^^'oltage across P is larger.) As the motor feeds the 
rod faster than it can burn back, the arc voltage decreases; the 
decreased voltage across P cannot fire tube 1, so voltage is 
removed from the motor armature and it begins to stop. At this 

* This is like the leading-tube — ^trailing-tube action described in Sec. 12-16. 

t In the Unionmelt process, the rod is first lowered so that it touches a 
“fuse wad” (like steel wool) placed between the rod and the work, This 
circuit starts the arc, 
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lower motor spfeed, the rod moves more slowly; soon the arc 
voltage increases, producing enough d-c voltage acroftb P so that 
tube 1 fires. Tubes 1 and 2 pass current,.* increasing the motor 
speed, again feeding the rod faster than it burns back. This 

on-off^' action occurs so often that the motor rarely stops or 
reaches full speed. 

16-3. Arc-welding Equipment (GE Type WEB). — The circuit 
of another automatic arc-welding control is shown in Fig. 16B. 
The rod or electrode motor (in section 3) receives constant^ field 
current through tube 4. The motor speed and direction depend 
on thyratron tubes 5 and 6; any current flowing through tube 5 
makes the motor feed the rod electrode down toward the work, 
while any tube-6 current runs the motor in the other direction, 
raising the electrode. 

Figure 165 includes circuits for the welding operation; only 
those in sections 2, 5 and 6 give electronic control of the arc volt- 
age. When the a-c control power is applied (in the center of 
Fig. 1§5), transformers IT and 2T warm the tubes and produce 
the needed d-c supplies from tubes 2 and 4; after 5 minutes, time 
relay TDR operates its contacts. Section 4 shows the circuits of 
contactors used to control the electrode motor and also the travel 
motor, which moves the arc along the work. A hand-operated 
switch may close contacts IS, 2S and 3S separately. To move 
the electrode, without welding, IS is kept open; \CR does not 
pick up, even when the “Start” button is closed. The \CR 
contacts near the electrode-motor armature are in the right posi- 
tion to let the “ Raise” or “Lower” buttons run this motor, as mil 
be described later. With 2S closed, to “Travel Right,” the 
“Start” button picks up 2CR) when the “Start” button is 
released, the 2CR and 2S contacts let relay R pick up, to operate 
contacts (not shown) that let the travel motorf move the whole 
welding head to the right. Similarly, in another switch position 
the 3S contact lets relay L pick up, so the travel motor moves the 
welding head and the arc to the left. 

To make a weld, 15 is first closed, along with either 25 or 35; 
the “Start” button picks up both ICR and 2CR, One ICR 

* These thyratrons pass current for the entire cycle or not at all. There 
is no phase-shifting or gradual control of the current flow in each a-c cycle. 

t The travel motor may be an a-c motor or a d-c motor, with its correct 
power supply. 
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contact, near the electrode motor, completes the armature cir- 
cuit so that tubes 5 and 6 can run this motor. Another ICR con- 
tact (center of section 4) picks up relay TR* whose contacts pick 
up L£t (at the bottom of Fig. 165). The main LE contact (top 
of Fig. 165) connects the welding-power supply, so that current 
may flow between the electrode and the work, at the arc. Notice 
that, connections lead downward from points 6 and 8, so that 
this arc voltage appears across resistors 135 and 165, for automa- 
tic control in section 2. 



In section 1, tube 2 rectifies the voltage of S2T; smoothed by 
the pi filter^o-^ (3C, IX and 4C), a d-c voltage is supplied to sec;- 
tion 2; this voltage is positive at point 3, negative at 4. Parts o( 
this d-c voltage are taken from the voltage divider (65, 205, 
55, 265 and 45) to operate tube-3 grid circuits, explained below. 

The operation of the electronic circuits (sections 2, 5 and 6 of 
Fig. 165) is better shown by Fig. 16C ; this simpler diagram shows 
the main circuits of the twin-triode’^"^^ tube 3 and the thyratrons 
5 and 6. Tubes 5 and 6 are connected back to back^^'*^ across the 
a-c control-power supply; if each tube passes the same amount of 

* TR is a d-c relay, which picks up instantly when a.c. is applied to 
points 11 and 12; the disk-rectifier bridge^®-* changes this a.c. into d.c. 
suitable for the coil of 7'R. When ICR contact opens, removing the a.c. 
across 11 and 12, TR does not open its contacts instantly (bottom of 
Fig. 165); about sec passes before the magnetic flux in its core decreases 
enough to let TR drop out. 

t LE is a large contactor that uses a d-c coil (supplied from a-c points 13 
and 14 through a disk-rectifier bridge), which needs less current than a 
similar a-c coil. After LE has picked up, less voltage is needed to hold it 
closed, so a n-c contact of LE opens, inserting resistance 5. 
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current, an a-c voltage appears across the motor armature — ^there 
is no d-c voltage to make the motor turn either way. To make 
the motor move the electrode downward, the current through 
tube 5 must be greater than the tube-6 current. 

The thyratron-5 current is gradually increased or decreased 
by the phase-shifting bridge circuit, which includes saturable 
reactor the tube-6 grid circuit has the same kind of 

l)ridge, including 2SR. The d-c windings of ISR and 2SR 
receive their dire(*t current through tube 3. Tube 3 controls 
tube 5, through saturable reactor ISR; when the direct current 
increases in the left-hand anode of tube 3, the average current 
also increases in tube 5, as is explained next. 

16-4. Phase Shifting by a Saturable Reactor. — Tube 5 of 
Figs. 165 and 16C is shown again in Fig. 16Z), with its phase- 
shifting bridge made of a constant resistor 8R and a variable 
inductance, which is the saturable reactor ISR.* When no 
direct current flows in the d-c winding of ISR^ this reactor has 
large inductance or choke effect, which prevents the flow of much 
alternating current ; in a ()0-cycle circuit, this reactor now permits 
the same amount of current to pass tlii-ough it as would flow 
through a 30,00()-()hm resistor. However, A\hen about 1 or 2 
ma of dii-ect cuirent flows through the inan\' turns of the d-c 
winding, the inductance of ISR has decreased so that it passes a*^ 
much 60-cycle current as a 1000-ohm resistor. 

If less than 1 ma of d.c. flows in ISR, so that it has 5000 ohms, 
the result is shown at (5) in Fig. 16Z). Since ISR and SR each 
has 5000 ohms, the vector triangle show\s that the tube-5 grid 
voltage (arrow (7) lags 90 deg behind the anode voltage (or S\T 
voltage), t as showm by .l;tube 5 fires late, delayed by the amount 
A, and applies voltage to the motoi armature for about half of 
each wave. If both ISR and 2SR (in Fig. 16C) receive this same 
amount of din'ct current from tube 3, then thyratron 6 also fires 
about 90 deg behind its own anode voltage; tubes 5 and 6 pass 

* The grid resistor 7/? Miid capacitor 1C have a voltage (show'ii in (c) ol 
Fig. IQD) to prevent accidental firing of tube 5; see Fig. 13il/ and footnote 
to Sec. 13-10. 

t As arranged in Figs. 16C and 16/>, the SIT voltagp is in phase with 
the tube-5 anode voltage; the positions of 8R and ISR are interchanged 
from those shown in Fig. IG/i. In Fig. 16B, these SIT windings are so 
connected that the SIT voltage is 180 deg out of phase with the tube anode 
voltage. 
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the same amount of current, but in opposite directions, so the d-c^ 
motor does not turn.* 

We shall see later that, when tube 3 increases the amount of 
d.c. in ISRy it decreases the d.c. in 2SR. As is shown at (c) in 
Fig. 16Z>, increased d.c. in ISR has lowered the ohms of the a-c 
winding to perhaps 1200. The tube-5 grid voltage lags by only 
the amount B, so tube 5 applies voltage to the motor armature 
for nearly the entire half cycle, causing a large flow of electrons 
(downward through the armature in Fig. IOC). At the same 
time, the decreased d.c. in 2SR has increased the ohms of its a-c 
winding to perhaps 20,000 as shown at (d). The tube-G grid 



Fig. 16/).- Pha.se-Hhifting by a saturable reactor. 

voltage lags by the large amount C, so tube 5 fires very late, and 
applies voltage to the motor armature for a small part of the half 
cycle; the electron flow (upward through the armatui*e) is so small 
compared with the opposite flow caused by tube 5 that the motor 

* This arrangement lets unwanted current flow through tubes 5 and 6 
in this balanced condition, when the motor is not turning. To decrease 
the amount of this balanced current, capacitors 6C, 7C, SC and 9C are 
added near 18R and 2SR (in sections 5 and 6 of Fig. 16B). These capacitors 
become resonant*®-® with various inductance values of the saturable reactors* 
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turns at full speed (moving the electrode downward) almost as if 
tube 6 were not in use. 

If tube 3 gives \SR an amount of d.c. that is only a little 
greater than the d.c. in 2SR, then tube 5 passes slightly greater 
current than does tube 6; the downward flow of electrons (through 
the armature and tube 5) is enough greater than the upward 
electron flow (through the armature and tube 6) to make the 
motor turn slowly, feeding the electrode downward perhaps at 
the same rate as the electrode burns back. 

At any time, if tube 3 gives ISR less d.c. than 2SR receives, 
tube 6 passes greater current than tube 5; the motor turns in the 
opposite direction, moving the electrode upward, away from the 
work. 

In a phase-shifting bridge such as Fig. 16D, we see that an 
increase of d-c reactor current causes an increase of thyratron 
current. 

16-6. The Comparison Tube — ^The “Long-tailed Pair.” — ^Tube 
3 in Fig. 16C includes two triodes whose cathodes are connected 
together; any current through either \ri ode must pass through 
cathode resistor 2R. (This pair of triodes has the “long taiF’ 
2/^.) The incoming signal that controls tube 3 is received at 
only one grid, point 7 ; meanwhile the other grid is kept at the 
steady potential of point 10 on the voltage divider. 

If the slider of bR is turned to touch at point 10, and if there 
is no voltage across 1/2 (as when the electrode is touching the 
work), grid 7 is at the same potential as grid 10. Each triode 
has the same grid voltage and passes the same amount of anode 
current. If the combined anode currents of tube 3 total 1 ma, 
this current causes 90 volts' drop across cathode resistor 2/2 
(90,000 ohms), so that the cathode of tube 3 is 90 volts above 
point 4. If point 10 (grid potential of tube 3) is 110 volts above 
point 4, the tube-3 grid voltage is +20 volts. Such a grid voltage 
permits more than 1 ma total current to flow in tube 3; this 
greater current causes more voltage drop across 2/2, raising the 
cathode potential (making the grid voltage more negative) until 
conditions balance. 

To see the “long-tailed pair” work, turn the slider of 5/2 clock- 
wise to a point, say, 20 volts above point 10, to “ask for” 20 
volts across the arc. (Also close IS and the “Start” button in 
Fig. 16J5.) This new setting of 5/2 raises the grid-7 voltage (since 
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no arc voltage yet appears between points 5 and 7) ; the right- 
hand triode of tube 3 increases the d.c. through 2Si2, to cause 
greater current through tube 6. This greater current in the right- 
hand part of tube 3 also causes greater voltage drop across 2/i?;the 
cathode potential of tube 3 rises, while its left-hand grid stays at 
the same potential 10. The current decreases in the left-hand 
triode of tube 3, decreasing the d.c. in ISIi. Notice that raising 
the grid-7 potential increases the current in the right-hand triode, 
but decreases the current in the left-hand triode; the total cur- 
rent through tube 3 increases a very small amount. While the 
tube-6 current increases, the decreased d.c. in \SR causes less 
tube-5 current; the motor turns at full speed, to raise the electrode 
from the work so as to increase the arc voltage. 

As the arc voltage nears the 20 volts selected by 5/i*, the voltage 
across \R increases; this M{ voltage is more negative at the grid-7 
end, so it lowers the grid voltage of the right-hand triode. As 
this gradually reduc(\s the d.c. in 2SR, the voltage drop across 2R 
decreases; the current in the left-hand triode increases until the 
\SR current eciuals the ^^R current and the motor stops. As 
the electrode now burns back and increases the arc voltage 
further, the voltage across IR increases and makes grid 7 more 
negative; the 2SR current and tube-6 current decrease, the \SR 
current and tube-5 current increase until the motor moves the 
electrode downward just as fast as the electrode burns back.’*' 
The voltage across VR is being compared with the voltage between 
point 10 and the liR slider. (This 10-to-5/('-slider voltage is the 
reference voltage, mentioned in Sec. 15-().) Tube 3 acts as a 
comparison tube, for its action ‘‘compares” the grid-7 voltage 
with the grid-10 voltage; it makes the motor correct conditions 
until these grid voltages become equal. 

16-6. Welding with A.C. or D.C. of Either Polarity. — The 
main diagram of Fig. IOC recpiires that the elec.trode ahvays be 
more positive than the work; this is not possi))le w^hen a-c weld- 
ing power is used. A separate diagram (lower center in Fig. IOC) 
show^s how^ tube 1 is added so that this wadding equipment may 
use various arrangements of welding-power supply. 

Connected between the electrode and the work, resistors 137^ 
and 16/i divide the arc voltage into two equal parts. Whenever 

* The slider on resistor lOR (m section 2 of Fig. 167?) is adjusted to gi\e 
this steady downward movement of the electrdde. 
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electrode (6) is more positive than work (8)f electrons flow from 
8 through l^R to 7, up through IR to 5, and through the left-hand 
anode of tube 1 to ppint 6. A half cycle later, or whenever elec- 
trode (6) is more negative than work (8), electrons flow from 6 
through 137? to 7, up through 17? and the right-hand tube-1 anode 
to point 8. In each case, this flow is upward through 172, and 
makes grid 7 more negative than point 5. With a-c welding 
power, the rectified voltage across 172 is pulsating; a capacitor 
such as 5C removes much of this ripple. 

Using tube 1 in this way, the voltage across 172 is always nega- 
tive at the grid-7 end for any kind of welding-power supply. 
16-7. Controlling the Arc-welding Equipment. — When the 
Start’' button closes, in Fig. 16/7, there is no arc and the elec- 
1 r<)d(‘ is often far from the work. This open circniit applies more 
voltage between points 6 and 8 tlian is needed; th(^ large voltage^ 
across 1/2 decreases the d.c. in 2SR, increases the d.(^. in bS72 so 
tliat tube 5 makes the motor feed the electrode toward the work. 
When the electrode tommies the work and causes the an^, the 
6-to-8 voltage drops to a very low amount; tube 0 now reverses 
the motor, so that it moves the electrode away from the work 
until the desired voltage api)ears across the arc. 

Although the ^^Stop” button (in section 4 of Fig. 16/7) drops 
out 1 672 and 2C72 instantly, the time delay (before 772 opens)* also 
keeps LE energized for an extra half second; during this delay, 
welding current continues to flow. The electrode motor is 
stopped, so the electrode is still; it burns back during the time 
d(4ay and fills th(‘ arc crater with metal. If the L and 72 contacts 
are connected by a wire (added at the bottom of Fig. 16/7), the 
welding head continues to travel during this delay, causing a 
sloping oj- tapered end to the weld. This gives “taper burn 
back.” 

While 1672 is not energized, the motor may be run by tlie 
‘‘Raise” or the “Lower” push button. Since LE is not closed, 
there is no arc voltage; the voltage across 1/2 is zero, so grid 7 is 
at the positive potential of point 5. Enough d.c. flows through 
2SR to turn on tube 6. (With no arc voltage, tube 5 never passes 
current.) When the Raise” button is pushed (in section 3 of 
Fig. 165), electrons . flow from right-hand point 2 through the 
button and 1C72 n-o contact, through the armature, TDR con- 
*8ee Sec. 16-3, footnote. 
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tact, cathode to anode of tube 6, to point 1. To make the motor 
lower the electrode, the ‘‘Lower button reverses the armature 
voltage; electrons flow from 2 through the “ Lower contacts, to 
the right through the armature, through ICR and the “ Raise 
button upper contact, through TDR and tube 6. No matter 
which button is pushed, tube 6 fires. 

Questions 

Triie or false? Explain why. 

1. In Fig. 16A, closing the '4nch’^ button increases the voltage across the 
motor field. 

2. If capacitor 3C in Fig. 16A becomes shorted, tube 2 fires whenever its 
anode is positive. 

3. In Fig. 16C, two thyratrons may be used in place of tube 3, so that 
one thyratron turns off when the other thyratron turns on suddenly. 

4. Using tube 1 in Fig. 16C, the voltage across IR is less than half of 
the arc voltage. 

6. If the heater of tube 1 (Fig. 16C) burns open, the motor moves the 
electrode downward. 

6. In Fig. 160, if the voltage across 4/f is 1 10 volts, and if 2R is decreased 
to 30,000 ohms, will the total tube-3 current be about (a) 0.1 ma? (h) 
1.2 ma? (c) 3.5 ma? or (d) 10 ma? 

7. 'WTiich type of thyratron fires if its grid circuit is open? (a) negative- 
grid type? (6) positive-grid type? 

8. In Fig. 16I>, if there is no d.c. in ISR, is the voltage across 8/^ about 
(a) 50 volts? (6) 10 volts? or (c) zero? 

9. If HS (of Fig. 16Z>) burns open, is thyratron 5 made to fire (o) early? 
(h) about midway in the half cycle? or (c) late? 
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VOLTAGE AND SPEED REGULATORS 

In the preceding chapters various tube circuits are used to 
control the speed of a motor. When a slider or a speed-control 
dial is moved to select a desired motor speed (in Figs. 15J, \bK or 
15M), the tube-operated circuit controls the motor voltage so that 
it runs at this speed. Similarly, when dials are set to select a 
desired arc voltage (in Figs. 16A, 16B or 16C), tubes control the 
motor speed so that this arc voltage is obtained. Each of these 
circuits is an electronic voltage regulator. Let us see how ruch 
circuits w(3rk like a simple voltage regulator used with a generator . 

17-1. The D-c or A-c Generator. — A d-c generator looks like the 
motor described in Sec. 14-1 However, instead ot using electric 
power and driving a load, the generator produces electric power; 
it must be driven by some engine or motor. If the generator 
stops turning, it produces no electricity. When the generator 
is being driven at the required speed, it produces no voltage or 
electric power unless direct current flows in its field winding.* 
When there is field current, the driving engine must deliver more 
power, as the generator produces voltage; when this voltage forces 
current through a load, much greater powTr is required from the 
engine. The produced voltage increases w^hen the generator is 
driven faster; the voltage also increases when the field current is 
increased. 

An a-c generator acts in the same w ay; direct current must flow 
in its field winding, and the amount of thi^ field current con- 
trols the amount of a-c voltage produced 

Even if it is driven at constant speed and with steady field cur- 
rent, the produced voltage or output voltage changes w’hen 
greater load current is taken from the a-c or d-c generator. To 
bring the voltage back to the desired amount, the field current 
must be increased each time the load current increases. To 

* This is not true for a tachometer generator, ^ which has permanent 
magnets to give its field strength. 
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(jontrol the field (iurrent in this way, a generator-voltage regu- 
lator is used. 

17-2. The Voltage Regulator. — In Fig. 17^4, a simple regu- 
lator is shown controlling the voltage GV produc^ed by generatcjr 
(?. This regulator is a relay whose coil Y is operated by the 
voltage GV, Direct current flows through the regulator contac;t 
and the generator-field winding; this contact C is held closed by 
the spring S. When the generator produces more than 1 15 volts, 
this voltage forces enough current to flow through the regulator 
coil V so that its downward pull (on its metal con') is greater than 
the upward pull of the spring S\ the metal core moves down- 
ward, oi)ening conta(*t C. The resistance H is now in circuit 



Fig. 17vi.~ Simple volta>?e regulator with spring. 


and decreases the amount of field current; this detu’eases the 
voltage GF to perhaps 113 volts. At this lower voltage, less 
current is forced through the regulator coil F;as its downward pull 
is not so great as the upward pull of spring contact C closes. 
This short-cir(;uits It and increases the field current and th(' 
voltage GV. The contact C opens and closes often, to keep the 
GV voltage close to the desired 115 volts. If the load current 
suddenly increases, causing the GV voltage to drop, contact C 
stays closed until the amount of field current increases to the 
greater amount needed; the GV voltage returns to normal before 
contact C opens again. 

Notice that the strength of the spring S is the standard or 
guide which sets the amount of GV voltage produced by G; to 
raise this GV voltage to, say, 120 volts, spring S must be tight- 
ened (or a stronger spring must be used) so that contact C does 
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not open until a greater current flows in coil F, forced by 120 
volts. In any regulator, there must be such a standard or 
reference; if the produced voltage is greater than this standard, 
the regulator reduces the voltage. The regulator tries to hold 
whatever voltage the standard ‘Hells it to hold. 

While moving-contact regulators are used with most gener- 
ators, tube-operated circuits may regulate the voltage and speed 
with greater accuracy. Let us see how a tube may be used in 
this way. 

17-3. Tube Response to Generator Voltage. — To keep a simple 
circuit, Fig. MB includes a generator (?, which is so small that 


Il5v. 

for the lo«d 



» — ^Stondoird or I 

T t ^2 * Irefer^vortage 

I Requloftor | ‘ 

Fig. \1B . — Voltage regulator with tube and rcforouee battery. 


its d-c field current can pass directly thiough a high- vacuum tube 
1. (Later' other circuits will be added to permit use vith 
larger generators.) When the grid of tube 1 permits, electrons 
flow from terminal /I, cathode to anode of tube 1, through the 
generator-field winding to terminal B, Such a tube circuit has 
no spring like the regulator of Fig. MA] to provide a similar 
standard or guide, Fig. MB includes a 150-volt battery. The 
slider of IP (connected across this battery) is turned to select the 
amount of voltage that the generator G should produce. 

If IP is set (extreme clockwise) so that 150 volts appears 
between slider 3 and point 2, this makes the tube-1 grid 150 volts 
more positive than terminal 2 of generator G. If G is producing, 
say, 100 volts, its terminal 1 (connected to the cathode of tube 1) 
is 100 volts above (or more positive than ) point 2, but is still 50 
volts below (more negative than) point 3. Since the grid 3 of 
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tube 1 is 50 volts more positive than cathode 1, tube 1 is passing 
full current, to increase the generator voltage. When this GV 
voltage reaches about 155 volts, cathode 1 is 155 volts above 2, 
while grid 3 is 150 volts above 2, so tube 1 has a grid voltage of — 5 
(which is about right to let tube 1 pass the field current needed to 
make G produce 155 volts). 

By turning IP so that RV (the reference voltage 3-to-2) is 
about 122 volts, the tube-1 current decreases until GV is only 
115 volts. (Now the tube-1 grid voltage is about —7 volts.) At 



Fig. 17C. — Regulator of Fig. 17R, controlling a-c generator. 

this setting of IP, tube 1 regulates the generator voltage GV at 
115 volts. If a sudden increase of generator load causes GV to 
drop a bit below 115 volts, this lowers the cathode potential of 
tube 1 ; the increased tube-1 anode current strengthens the genera- 
tor field, so that GV returns to 115 volts. 

Although a battery is used in Fig. 17P, this reference voltage 
may be obtained, instead, from a separate rectified d-c supply, 
usually including a voltage-regulator tube.^'^"® 

Just as Fig. 17P shows how tube 1 may regulate the voltage of 
a d-c generator, Fig. 17C shows that the same tube may regulate 
the voltage of an a-c generator. The only diffdtence is, with 
the a-c generator, that its a-c voltage A is first rectified by tube 2 
and smoothed by capacitor 1C. The resulting d-c voltage GV 
(4-to-2) is compared’^* with RV (3-to-2); tube 1 then corrects 

* Tube 1 compares these two voltages; voltage GV is the height of tube-1 
grid potential above point 2 — ^voltage RV is the height of tube-1 cathode 
potential above point 2. If either of these two voltages changes, it changes 
tvhe crid voltage (grid to cathode) of tube 1 so that the tube-1 anode current 



Sec, 17-5] VOLTAGE AND SPEED REGULATORS 


221 


the field current to make generator G produce the desired a-c 
voltage. 

17-4. A Speed Regulator. — A similar tube circuit will regu- 
late the speed of a d-c motor, such as M in Fig. 17D. Here tube 
1 controls the field of generator G; a greater field current raises 
the voltage D (produced by (?) and therefore increases the speed 
of motor M. Although this voltage D is sometimes used as a 
signal to show the motor speed, a more accurate speed signal is 
produced by a tachometer^®" ^ generator T, driven by motor M, 



Fig. 17 D . — Voltage legulator foi speed contiol of motor M 

In Fig. 17D, the tachometer voltage TV increase's at the same 
rate as the speed of M increases. 

This tube-controlled circuit is still a voltage regulator; if the 
tachometer voltage TV becomes too small, as compared with 
the reference voltage RV^ tube 1 controls generator G until the 
TV voltage rises to the correct amount. Since this TV voltage 
cannot rise unless the speed of motor M also rises, the circuit 
of Fig. 17 D also controls motor speed, merely as a “by-product’’ 
of holding the correct voltage at TV. If the IP slider is turned 
(counterclockwse) to select a smaller reference voltage /fF, the 
speed of M decreases until TV is again the correct amount; in this 
way IP becomes a speed-adjusting dial. 

17-6. A High-vacuum Tube May Control Large Field Current. 
Still using the voltage-regulating circuits shown in Figs. 17B, 
17C and 172), the high- vacuum tube 1 may control much larger 

also changes, to regulate the generator voltage. 

Notice that GV is not exactly the same number of volts as 727 , the slight 
difference between GV and RV becomes the grid voltage of tube 1 and must 
change slightly to cause the tube-1 current to change. 
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generator-field current if we add an “amplifier” between tube I 
and the large field winding. Two kinds of amplifier often used in 
such regulators are shown within the dashed rectangles in Figs. 
HE and 17F; either of these rectangles may be controlled by 
tube 1. In Fig. 17E, the amplifier consists of two thyratrons, 



Fig. 17E. -Small tube 1 contiols huge geneiatoi, b\ i»h{ise-shifted th.Matiouh. 

which rectify and control tlio large fi(dd current ; these thyratrons 
are phase-shifted any one of several methods^*^"^^ already 
explained; in this way the small increase in tuhe-l anode current 
causes a large increase in the generator-field current. 

In Fig. 17Fj the amplifier is not electronic, but consists of a 
special d-c machine, such iis an amplidyne,'^^-'-^ which is driven 



Fig. 17F. — Small tube 1 coutrols large generator, by an aniplidyne amplifier. 

at constant speed by a separate motor. ''Fhe main-control-field 
current of this amplidyne passes directly through tube 1; an 
increase of 10 ma in tube I may cause more than 20 amperes 
increase in the direct current that the amplidyne supplies to the 
field of generator 0 . 
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Coming, next, to various tube-operated voltage regulators often 
used in industry, we shall find that their circuits operate on the 
basic ideas of Figs. 173^ 17C or 17Z), and that they include phase- 
shifted thyratrons or a rotating amplifier (such as the amplidyne) ; 
the reference voltage RV (supplied before by a battery) may come 
instead from a rectifier, a filter and a voltage-regulator tube. 

17-6. Voltage Regulator (Weltronic Model VRl). — This regu- 
lator circuit in Fig. 17G is described first, because many of its 
parts have been explained in Secs. 15-8 to 15-12. The a-c 
generator is shown near the center of Fig. 17G. The generator 
field receives its direct current from thyratron tube 5 and phano- 
tron tube 0. As has been explained before, only one tube of 
this pair needs to be grid-controlled when supplying current to 
an inductive load, such as the field winding. 

The ])hase-shifting circuit that controls tube 5 is the same as 
that shown in Fig. 15M. At the right-hand side of Fig. 176r, if 
the tul)e-7 grid is made more negative, less current flows through 
tube 7 and resistor 8R; point 17 rises, increasing the tube-8 cur- 
rent, which flow^s also through the d-c winding of saturable 
redact or iST. This increased d.c. deert^ases the inductance of the 
a-c winding of ()7\ This shifts the phase of the a-c grid voltage of 
tube 5 (see Sec, 16-4 and Fig. 16D) so that more current flow^s 
through tubes 5 and 6. Briefly, the field current and generator 
voltage increase when the tube-7 grid is made more negative. 

In the upper part of Fig. I7G, transformers 27", 47", 57" 
and 77" o])erate from the a-c control-power suppl}^, at con- 
stant voltage. However, transformer 1 T is connected across one 
phas(‘ (betw^een two of the three leads) of the a-c generator; the 
s(H‘ondary voltage of 17" is rectified by tube 2, smoothed by 4C, 
and produces a d-c voltage across resistance IP. The slider of 
\P is moved, to select the desired output voltage that the a-c 
generator furnishes at A ; the d-i; voltage GV (betw^een IP slider 
10 and point 8) is used in the tube-7 grid circuit. When the 
gemerator voltage A increases, the voltage GV also increases (like 
the circuit of Fig. 17C). 

At the left-hand side of Fig. 17(7, tube 1 rectifies the 47" voltage; 
smoothed by 2C", the d-c voltage is applied across the 150-volt 
regulator tubes 3 and 4; a steady voltage^®-® appears betw^een 
points 9 and 10, w^hile any voltage change is taken by 2/2. This 
steady 300 volts is the reference voltage RV}'^’^ 
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See how tube 7 ^^compares ^RVa^gamst GV. Cathode 9 of tube 
7 is always 300 volts more positive than point 10. If there is no 
a-c generator voltage and no voltage at GF, then point 8 (grid 
potential of tube 7) is at the same potential as point 10, which 
makes the grid 300 volts more negative than cathode 9; tube 7 
passes no current, so tubes 5 and 6 are passing the greatest 
amount of field current. If the generator is running, this field 
current now increases the generator voltage A; voltage GV 



Fig. 17(7. — Circuit of Weltronic voltage regulator (model Vlll). 


increases, raising the potential of point 8 (tube-7 grid). When 
GV becomes about 285 volts, grid 8 is now only 15 volts more 
negative than cathode 9, and tube 7 may pass a very little cur- 
rent.* At, say, 292 volts, the —8 grid voltage lets tube 7 pass 
enough current to decrease the field current slightly, so that the 
generator produces just enough voltage A to hold 292 volts at 
GV, Conditions are balanced. 

If the slider of IP is turned (clockwise) toward point 8, a 
smaller part of the total generator voltage now appears at GV. 
Voltage GV becomes less for a short time, but this lowers the 
potential of grid 8 so that tube 7 immediately calls for^^ greater 
field current; the generator voltage A increases until the total 

* The exact grid voltage that permits current to begin to flow (called 
depends, of course, on the characteristics of whatever tube is used. 
Although it is of great importance to the circuit designer, this detail does 
not concern us here. 
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voltage 8-to-7 across IP is greater than before. The part GV 
returns nearly to its previous amount. In this way, IP sets the 
generator voltage. 

If increased a-c load on the generator reduces the voltage 
this lowers GV, making tube 7 ‘^call for^^ more field current to 
bring the voltage A back to normal. What is normal? It is 
the amount of voltage A that makes GV match correctly with 
the standard or reference voltage RV. The success of the regu- 
lator circuit depends on RV's remaining steady and constant. 

17-7. Voltage Regulator (General Electric Type GVAIBI). — 
The voltage of an a-c generator is controlled also in Fig. VIH. 
The generator field receives its direct current from thyratron 
tubes 1 and 2; each thyratron is phase-shifted an equal amount 
by the a-c grid voltage from transformer S2T. This a-c volt- 
age lags the thyratron anode voltage by about 90 degrees. (If 
107i is adjusted so that only 2660 ohms remain in circuit, this 
resistance matches^^ ® the 1-mu f capacitor IOC so that the S2T 
voltage lags exactly 90 degrees. Notice resistors 8/2 and 9/2, 
used instead of a transformer center tap between 11 and 12.) 

This fixed S2T voltage is raised or lowered by a d-c voltage 
(as explained in Sec. 15-5); this d-c voltage appears between 
point 6 (cathode of tubes 1 and 2) and point 5. The potential 
at point 6 changes little, while point 5 rises when tube 6 passes 
less current. When point 5 rises, tubes 1 and 2 are fired earlier 
in each half cycle. Briefly, when tube 6 passes less current, this 
increases the field current and the generator voltage. 

All circuits in the lower portion of Fig. VIH receive their power 
from the voltage produced by the a-c generator; (this includes 
also the filament supplies of tubes 3, 4, 5 and 6). The a-c volt- 
age produced between lines 1 and 2 is rectified by tube 3 and 
appears between W and X, Similarly, the a-c voltage between 
1 and 3 is rectified by tube 4, producing d.c. between X and Y. 
Tube 5 rectifies the 2-3 a-c voltage. The three d-c voltages WX, 
XY and YZ are connected in series so that the total voltage WZ 
includes a voltage signal from each of the three a-c phases. This 
WZ voltage is smoothed^®-^ by the filter (IC, 1/2 and 2C). The 
resulting d-c voltage is connected across a voltage divider (2/2, 
3/2, 4/2, voltage-regulator tube 7 and 8/2). If 8/2 is turned (clock- 
wise) to short all its resistance, all of the a-c generator voltage is 
used for producing the d-c voltage between 4 (top) and 7 (bottom) ; 




Fiq. \7H . — Circuit of a-c voltage regulator (GE typo GVAIBI). 


contactor closes its contacts FC, Not until then does the gen- 
erator produce voltage, so tubes 3 to 6 are not yet warmed. For 
a moment there is no voltage at WZ or across resistors 2R or 5/f ; 
there is no voltage difference between points 5 and 6, so tubes 1 
and 2 give reduced field current (depending on the setting of 107?). 

As tubes 3, 4 and 5 begin to pass current, about 600 volts 
appears* at WZ, Less than one-third of this voltage appears 
across resistor 77?, and becomes the signal voltage GF, between 
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point 7 and the control grid of tube 6. If the a-c generator volt- 
age increases, WZ increases and so does GV] meanwhile, the 
reference voltage RV remains unchanged, between point 7 and 
the tube-6 cathode, thanks to the 150-volt regulator tube 7. 
When a rise in generator voltage increases GF, more electrons 
flow from Z, through 8/J, tube 7, cathode to anode of tube 6, 
through bR and IR to TF. The voltage drop increases across 
resistor 572, so the potential of point 5 is lowered, phasing back 
tubes 1 and 2 so that they fire later; the field current decreases, 
bringing the generator voltage down to normal. 

17-8. Voltage Regulator with Amplidyne (Type GVA7B1). — To 
control the voltage produced by the a-c generator in Fig 17/, 
the generator-field current is varied by using an amplidyiie (sec^ 
Secs. 17-5, 28-2 and Fig. 17F). In turn, the direct current pro- 
duced by the amplidyne depends on the tiny currents flowing in 
its several field windings, shown below the amplidyne armature 
circle. The amplidyne is being driven by some motor not shown. 

At the right-hand side of Fig. 17/, voltage from one phase of 
the a-c generator is used as a signal, and also the control-powder 
supply for all tubes. Before the generator produces its voltage, 
the tube circuits are connected (through contacts B) to an a-c 
lighting circuit, so that the amplidyne produces enough generator- 
field current for about 1 1 5 volts^ output. When the generator goes 
into service, a relay opens contacts B and closes contacts A. This 
a-c voltage from the generator is rectified by tubes 3 and 5; 
smoothed by IL and 1C, a d-c supply for the amplidyne fields 
appeal’s bet ween points 8 and G, w hile a separate d-c supply for tube 
1 appears between 4 and 7. We shall see that the a-c generator- 
voltage signal controls tube 1, w'hich in turn makes tube 2 vary 
the main amplidyne field to regulate the generator voltage. 

Tube 1 receives two voltage signals and “compares them. 
At tube-1 cathode, the reference voltage RV keeps this cathode 
always 105 volts more positive than point 7. The tube-1 control 
grid receives the voltage GF, which increases w’hen the d-c volt- 
age across 2R (at the left) increases; the slider of 3/2 is turned to 
select the desired a-c generator voltage. (Meanwhile, the screen 
grid of pentode tube 1 is connected through 572 to a positive 
potential on 172, and does not affect the tube-l current. For 
now^, do not include the dotted portions such as 3C, 5C, 672 or 
the circuit above the amplidyne armature; these are added into 
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the circuit later. Because of transformer 2T, the voltage 
across 2R may be about 300 volts when the a-c generator produces 
its full 120 volts’ output. Under this condition, the 3R slider 
is in such a position that only about 100 to 105 volts appears at 
GV; the tube-1 grid voltage is slightly negative, and there is a 
small electron flow from point 7, through tube 4, cathode to anode 
of tube 1, through 4R to point 4. This flow causes enough volt- 
age drop across AR so that the potential at point 6 is perhaps 25 



Fig, 17/. — Voltage regulator witli amplidyne (GE type GVA7B1). 


volts above the potential at point 5 (which is the midtap on 2A^ 
and connected to the tube-2 grid). With this —25 grid voltage, 
the beam power tube 2 permits only a small electron flow from 
cathode to anode and through the main amplidyne field to 
point 8. 

The two field windings (shown below the amplidyne in Fig. 
17/) oppose, or buck, each other. The reference field receives 
direct current steadily (though 107?) and alone causes enough 
field strength to make the amplidyne produce its largest amount 
of direct current, which in turn makes the a-c generator produce 
its greatest a-c voltage. Any current passing through tube 2 
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and the main field produces a field strength, which reduces the 
total field strength of the amplidyne. Therefore, greater tube-2 
current causes less a-c voltage output from the generator. For 
the generator to produce 120 volts a.c., the tube-2 current must be 
quite small. 

To see the regulating action in Fig. 17/, suppose that the a-c 
generator voltage rises slightly; this increases GV a fraction of a 
volt (while RV stays unchanged), so the tube-1 grid voltage 
becomes less negative. The tube-1 anode current increases 
slightly, causing several volts’ greater drop across AR; this lowers 
the cathode-6 potential of tube 2 (while its grid 5 has much less 
change). The tube-2 anode current increases, strengthening the 
main field; this reduces the total field strength of the amplidyne 
so that the field of the a-c generator is also weakened and the 
a-c generator voltage is reduced to normal. 

17-9. Voltage Regulator (CR7607-C116A). — This circuit in 
Fig. 17J is like that of Fig. 17H in the use of thyratron tubes 1 
and 2, which are phase-shifted by the a-c quadrature (lagging- 
90-deg) wave from S2Ty raised or lowered by the d-c voltage^®*® 
appearing between points 5 and 6. A single phase of the a-c 
generator voltage is rectified by tube E and filtered, to give a 
d-c signal voltage between points 9 and 7, which increases as 
the generator voltage increases. (The dotted parts, such as 
tube G, adjusters 3P to OP, lOP, IIP, 12C and 13C will be dis- 
cussed later.^^'^3 For now, do not include these parts.) 

Some parts of this complete voltage regulator are not shown 
in Fig. 17/. Before contactor M can close its contacts (upper 
right-hand corner), all tubes are warmed for about 5 minutes; 
other transformers provide the heater voltages and the anode 
voltage for tube A. Then a push button may pick up contactor 
Mj connecting anode voltage to tubes 1 and 2, to furnish field 
current to the generator. 

The d-c voltage between points 4 (top) and 8 (bottom of Fig. 
17/) is obtained through rectifier tube A, and is divided into 
three equal parts by the voltage-regulator tubes P, C and D, 
Tube D supplies the reference voltage PF, so that the cathode of 
pentode tube F is always 105 volts more positive than point 8. 
The tube-P control grid is connected through 9P to point 10, 
which is at a potential halfway between the 2P slider and the IP 
slider; the voltage from mid-point 10 to point 8 is GV, the genera- 
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tor-voltage signal, which is compared to RV so as to control 
tube F. 

After the IP slider is set (to select the desired generator volt- 
age), the potential at IP slider remains fixed or steady. How- 
ever, the potential at the 2P slider becomes more positive as the 
generator voltage increases. If there is no generator voltage 
(as when contacts M are open), there is no voltage drop across 4P, 
2P or 5P, so the 2P slider is at the same potential as point 7. At 
this time, if IP slider is turned to the end near ()P, where it is 
about 60 volts below (more negative than) point 7, we see that 



Via. 17.7. Voltage icKiilator (( Mi 7507-0 1 16A). 

point 10 is now 30 volts below point 7. Since points 10 and 7 are 
connected also to the control grid and cathode of tube P, this —30 
grid voltage prevents the flow of anode current through tube F 
or resistor 2R (at top). Since there is now no voltage drop across 
2Rj point 5 is near the potential of point 4, which is 105 volts 
above point 6 (cathode of tubes 1 and 2). The thyratron grids 
(at point 5) are much more positive than cathode 6, so tubes 1 and 
2 are ready to pass full anode current as soon as contactor M 
applies anode voltage. (However, another M contact prevents 
this sudden turn-on action, as is described later. ^^■^*) 

When the generator produces voltage, part of this voltage 
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(rectified by tube E) appears across 2P and bR so tfiat the poten- 
tial at the 2P slider rises. The potential at point 10 also rises 
(half as much), so that the tube-F control grid becomes less 
negative; quickly this grid lets electrons flow from cathode 7 to 
the anode of tube F and through 2R to point 4. This flow 
through 2R lowers the potential at point 5; when point 6 nears 
the same potential as cathode 6, the grid-voltage waves of S2T 
delay the firing of tubes 1 and 2 later in each half cycle. This 
prevents the field current from increasing so fast.* Finally the 
generator voltage becomes the right amount so that the voltage 
from 7 to 2P slider is nearly equal to the voltage from 7 to LP 
slider. Point 10 has nearly the same potential as point 7; 
voltage GV is nearly equal to RV. Tube F now passes that 
amount of current needed to hold the point-5 potential at the 
right value so that tubes 1 and 2 provide just enough field cur- 
rent to cause this generated voltage to appear. We see that an 
endless chain of responses causes a balance in this closed-cycle 
typo of control. 

If IP slider is turned clockwise, this lowers for an instant the 
potential of jxnnt 10 and the tube-P control grid. Less tube-P 
anode current raises the point-5 potential, firing tubes 1 and 2 
earlier so that the field current and generator voltage increase. 
This great (M* generator voltage increases the voltage between 7 
and 2P slider, raising point 10 back to a regulated position. 
Clockwise movement of IP increases generator voltage. When the 
2P slider is moved clockwise, the generator voltage must increase 
still further to reach a regulated condition; 2P sets the voltage 
range through which IP may adjiLst the generator voltage. 

17-10. Hunting Action in a Regulator Circuit. — While the 
circuits in this chapter have been explained without mentioning 
''hunting,’’ all such circuits need extra parts whose only purpose 
is to prevent hunting; these added parts are antihunt devices. 
Without them, the generator voltage may swng from a low 
amount to a high amount, then back to low voltage again, 
ro]>eating this action over and over, wthout being able to steady 
itself at the desired voltage. The voltage is hunting for a 
steady amount or setting, but seems unable to find or reach it 
without "over-shooting” in each direction. 

* Described step by step, the aotion of this circuit may seem slow. ^ Ho^^- 
over, the entire action occurs Very quickly. 
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Similarly, when a new driver is learning to steer an automobile, 
he sees that the car is going too far to the right, so he swings the 
wheel to the left. Now the car goes too far to the left, so he 
swings the wheel back to the right. The car is hunting for the 
center of the road; the movements of the steering wheel are so 
large and so fast that the car crosses the road center but cannot 
stay in the center. Here an antihunt action is used when 
this driver learns to move the wheel smoothly — when he straight- 
ens the wheel quickly after each small turn away from center. 
A good driver turns his wheel very little when the car is moving 
slowly toward the road edge; usually this small correction is all 
that is needed. However, if the car is leaving the road faster, he 
turns the wheel more sharply, then straightens it again. Notice 
that he turns the wheel, not so much because of a small error in 
direction, but because that error is increasing. The greater the 
change in direction, the more correction is needed. 

Most electronic circuits act so fast that they can overcorrect 
for a signal error before other parts of the equipment can cause 
normal correction. This overcorrection causes hunting. Often 
the cure is merely to add a small time-delay action to slow the 
circuit response. 

Near the bottom of Fig. 17//, notice that capacitor 3C is added 
across 7R to delay any change of the tube-G grid voltage. The 
amount of delay is a small part of a cycle. * A larger capacitor 
or resistor delays the circuit response more than is needed. 

17-11. Antihunt Action in Amplidyne Regulator. — Using only 
those parts of Fig. 17/ already explained, let us watch this 
circuit hunt. When the generator voltage increases (and GV 
increases), tube 1 increases the voltage drop across 4R, so the 
tube-2 current also increases; the total amplidyne field strength 
becomes much lower, so the a-c generator voltage now swings to 
a lower value. This downward swing lowers GV so fast that 
tube 1 turns off tube 2; the total amplidyne field strength increases 
a large amount, so the a-c generator voltage again rises higher 
than is desired. This up-and-down action (or hunting) is 
decreased if we ‘‘slow down’’ tube 1. To do this, antihunt 
circuits are added (shown dotted in Fig. 17/); the antihunt 
actions are shown better in Fig. 17K. Here let us assume that 
points marked S are at steady potentials. (Although most of 

* RC = 0.1 meg X 0.05 mu f = 0.005 sec.^*® 
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these potentials change slightly as the generator voltage changes, 
the amount of change is small compared with the change of other 
potentials such as points G or 9.) 

First watch capacitor 3C, which fe charged to the voltage 
between the tube-1 anode 6 and point 10 on IR. When increas- 
ing generator voltage makes the control-grid potential rise (as 
shown by arrow A in Fig. 17K)y the increasing anode current 
lowers the 6 potential (arrow B). Capacitor 3C cannot instantly 
decrease its charge; as its 6 end lowers, its screen-grid end 
lowers about the same amount, so it forces the tube- 1 screen 



grid more negative (arrow C). This lowered screen grid C 
opposes the effect of arrow Ay so that tube 1 does not instantly 
pass as much anode current (as .4 alone would cause). But 
notice that this screen-grid effect lasts perhaps only 3^5000 sec; 
3C discharges throtigh 5/f, and the screen-grid voltage returns 
to the point-10 potential, as shown by arrow D. 

Capacitor 5(7 is added, and is charged to the potential between 
point 9 (tube-2 anode) and the slider of 3R. When an increase 
of GV raises the tube-1 control grid (arrow A)y the increased 
current through 4/2 lowers the tube-2 cathode (arrow E); the 
increased tube-2 current lowers its anode potential (arrow F). 
As the 9 end of 5C lowers, the 11 end of 5C instantly drops about 
the same amount, as shown by arrow (7. (As 5C starts to dis- 
(‘harge, its discharge current flows through G/2 so that the 11 
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end of 6/2 becomes more negative than the 3/2 slider.) Arro^^ 
G opposes* arrow A; although GV might have increased 1 volt, 
point 11 drops perhaps ^4 volt (arrow G), so that the control 
grid rises only }i volt (arrow A). After perhaps 3^0 sec, 5C 
has discharged through 6/2 so that point 11 returns to th(‘ 
potential of the 3/2 slider, as shown by arrow //. The entire 
1-volt increase at GV now reaches the tube-1 control grid — but 
perhaps by now the amplidyne and the a-c generator have had 
time to reduce GV so that its corre<‘tion signal is only li volt 
instead of 1 volt. 

In the above examples we see that the antihunt circuits a(‘t 
only when we quickly change the voltages across them. If the 
potential at point 6 (in Fig. 17K) is lowered slowly, capacitoi-s 
3(7 and 5C discharge slowly; the effect (at arrows C and G) is 
not large enough to matter. The capa(*itors respond to the rafe 
at which the circuit voltages change. 

17-12. Stabilizer or Antihunt Transformer. — Another way to 
correct for sudden changes in circuit voltages is to use a trans- 
former as a stabilizer or antihunt device. Such a transformer 
is shown at 3T in the upper part of Fig. 17/. The prirnai’y 
winding of 3T is connected across the d-(* outi)ut of the amplidyne 
at points 2 and 3; resistor 9/2 adjusts the effect of ST. Direct 
current flows through this primary winding, but steady d.c. 
cannot make a transformer prodiu^e any secondary voltage. 
The ST secondary is connected to a third fi(4dt of the amplidyiu*; 
this field has no effect while there is no ST secondary voltage^ 
However, if the amplidyne 2-to-3 voltage rises quickly, thih 
change of d-c voltage across the ST primaiy mak(\s a voltage^ 
‘‘kick” in the ST secondary. Applied to the antihunt winding 
of the amplidyne, this kick produces a field strength that oppos(‘s 
the reference field; the total amplidyne field stn^ngth decreases, 
lowering the 2-to-3 voltage. Or, when the 2-to-3 voltage drops 
suddenly, the 3 7 -secondary voltage kicks in the opposite direc- 
tion, so that the antihunt field helps the referen(*e field, raising 

* There is usually no contiol-Krid current, so both ends of 7R are at tlu‘ 
same potential. 

t These amplidyne fields are electrically separate, although wound 
together in the same slots of the amplidyne frame. Each of these fields 
(*an affect the voltage produced at terminals 2 and 3. The use of this 
antihunt field is described in Hec. 28-4. 
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the 2-to-3 voltage to normal. If the 2-to-3 voltage changes 
slowly, the 3r-secondary ‘‘kick” is too small to have any effect. 
The stabilizer and the antihunt field act only when the d-c 
voltage changes; with more or faster change of d.c., greater 
action results. 

17-13. Controlled Buildup of Generator Voltage. — Parts of the 
voltage-regulator circuit of Fig. 17J are shown again in Fig. 17L, 
to show the added antihunt and snubber actions. 

In Sec. 17-9, describing circuit conditions before there is any 
a-c generator voltage, we show how point 10 is so negative that 
tube F passes no current, so thyratrons 1 and 2 are “turned full 
on” when contactor N first applies anode voltage to these tubes. 
Now let us include the M contact (normally-closed) near tube F. 
While contactor M is not yet picked up, so there is no generator 
voltage, this n-c M contact connects around tube F (from anode 
II to cathode 7); current now flows through 2R and 11/2, and 
keeps point 6 much more negative than cathode 6. Notice that 
capacitor 12C is charged to the voltage between points 5 and 
10, for now there is no current flow in 4P, 10/2, 9/2 or 3P; all 
parts of these resistors are at point-10 potential. 

When a push button is closed, to pick up contactor M and 
apply field current to the a-c generator, this n-c M contact opens 
the circuit around tube F. Instantly the tube-F control grid 
rises to a new potential, which depends on the voltage-divider 
action of 9/2, 10/2, 4P and 2R. For perhaps }i sec capacitor 
12C is charging to the increasing voltage between points 5 and 
10; the 12C charging current flows through these four resistors. 
Since 9/2 and 10/2 have more ohms than 4P and 2P, point 12 
(control grid) is at a potential higher than midway between 
points 5 and 10, so this grid is higher (more positive) than cathode 
7. This lets tube F pass current instantly when the M contact 
opens the circuit around it; this current keeps enough voltage 
drop across 2/2 so that point 5 does not rise suddenly or turn 
on the thyratron tubes 1 and 2. However, as capacitor 12C 
increases its charge, the charging current decreases, gradually 
lowering control-grid 12 to the potential at point 10; tube F 
graduiilly decreases the current through 2/2, so point 5 rises, 
gradually advancing the firing point of thyratrons 1 and 2 and 
raising the generator voltage. By the time \2C has finished 
most of its charging action, the generator voltage has increased 
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so that the point-lO potential has risen and now controls tube F 
to regulate the generator voltage. 

This same circuit (12C, 4P, lO/f, 9R) gives antihunt action at 
all times. If a-c load is suddenly removed from the generator 
so that its voltage rises, the point-10 potential rises, to turn on 
tube F, However, 12C takes time to discharge and let the 
point-12 potential rise. Tube F slowly (in sec) lowers the 



point-5 potential to turn off tubes 1 and 2 and decrease 
the generator-field current. 

At the same time, watch another antihunt circuit, which uses 
13C and 3P. If the generator voltage drops (as when a-c load 
is suddenly added), the point-10 potential drops, but point 9 
drops much faster. Since the voltage across 13C cannot change 
instantly, the change at point 9 causes a similar drop at point 
13 (so that 13 is now at a lower potential than 10). At this 
instant, point 14 has remained at the same potential as point 
10 (because of the charge on 12C) ; howevpr, part of the voltage 
difference between points 14 and 13 now appears across 4P, letting 
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point 12 (control grid) instantly drop to a lower potential. Pass- 
ing less current, tube F lets point 5 rise more quickly and turn 
on thyratrons 1 and 2. This is an ‘‘emergency’^ action, like 
the sudden tug you give the steering wheel when a front tire 
blows, heading you for the ditch. 

17-14. Tubes May Set Limits within Which a Circuit May 
Operate. — In Fig. 17L, suppose we wish to prevent point 5 from 
becoming more than 40 volts above (more positive than) point 6, 
or more than 60 volts below point 6. Tube (?, 6P and 5P are 
used for this purpose. (Tube (j is a duplex tube,^’“ having two 
separate triodes inside its shell. To tell them apart, let us call 
one triode tube G — the other triode, tube GG.) When point 5 
is between these +40 and —60 volt limits, neither triode passes 
current. Notice that triode tube G is being used as a diode (for 
its grid is ^Hied’’ to its cathode). The slider of 6P is set at a 
point 40 volts above the lower end of 6P,* therefore, the tube-G 
cathode is 40 volts more positive than point 6. No current can 
flow through tube 6 while its anode (connected to point 5) is 
less positive than the cathode. However, when point 5 rises 
to a potential slightly more than 40 volts above point 6, elec- 
trons flow from 6P slider, cathode to anode of tubeG, and through 
2R to point 4. This tube-G current causes enough voltage drop 
across 2R so that point 5 cannot rise to a potential higher than 
+40 volts. If the 6P slider is turned to a point 10 volts closer 
to point 6, then point 5 cannot rise more than 30 volts above 6P. 

Similarly, triode GG is grid-controlled by the setting of 5P 
slider. If this 5P slider touches at a point about 65 volts 
below (more negative than) point 6, no current flows through 
tube GG until its cathode (connected to point 5) drops to about 
60 volts below point 6; now the grid is only 5 volts more negative 
than the cathode, and this —5 grid voltage lets electrons flow 
from point 7, through tube F and 11/2 to point 5, cathode to 
anode of tube GG, to point 6. If tube F passes so much current 
that the voltage drop across 2/2 makes point 5 drop below the 
setting of 5P, the extra current passes through tube GG, instead 
of through 2R. 

Questions 

True or false? Explain why. 

1. In Fig. YIB there is no circuit that lets the d-c voltage GV charge 
the battery. 
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2. In Fig. 17J5, if generator G is stopped, the tube-1 grid becomes posi- 
tive, so that a protective grid resistor is needed. 

3. All amplifiers are electronic. 

4. In Fig. 17C, if GV is always equal to 72 F, the generator voltage may 
change as if no regulator were being used. 

6. In Fig. 17L, when the M contact is closed between tube-F anode and 
cathode, the current flowing through 27? is 2 milliamperes. 

6. With this M contact closed, point 5 is 40 volts more negative than 
the tube-1 cathode. 

7. When M operates, the suppressor-grid potential changes. 

8 . If the voltage across a capacitor is d.c., the amount of capacitor ohms 
})ecomes infinite (or like an open circuit). 

9. A generator is an amplifier, since a small change in power input io 
the field winding caus(‘s a large change in power output from the generator. 

10. When SR slider (in Fig. 17//) is turned so that the generator output 
increases from 400 to 450 Nolts, what happens to the amount of voltage G^F? 
Does it (a) increase 50 volt-s? (6) inciease less than 3 volts? (c) remain 
unchanged? id) decrease less than 3 volts? (c) decrease 50 volts? 
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LARGE-CURRENT RECTIFIERS 

Most of the circuits discussed this far use or control an amount 
of current small enough to be obtained from two wires or from 
a single phase of the a-c power supply. When more electric 
power is needed, for driving motors larger than 1 or 2 hp, and 
to produce more than 1 or 2 kw of rectified d.c., current is used 
from all three wires* of the three-phase a-c power supply. Such 
re(*tifiers use three (^r more tubes; the smoother waveshape of 
their d-c output is often important. 

18-1. Rectifiers for Stored-energy Welding. — Many three- 
j)hase rectifiers are used in industry, to furnish power to stored- 
energy welders. By studying several of these rectifiers, we 
learn how tubes act in a polyphase circuit (a circuit that uses 
power from more than one phase of the a-c supply). 

When a resistance weld is made with a stored-energy welding 
machine, no large current is taken from the a-c supply just at 
the instant when the weld is being made. Instead, a smalh^r 
amount of current is taken for a longer time (usually from all 
three wires, or phases) before the weld is to 1^ made; the electric 
energy of this current is being stored in capacitors or reactors. 
This stored energy is then discharged through the welding trans- 
former and into its low-voltage circuit, to make the weld. The 
Aveld is made by current which is neither a.c. nor d.c.; it is a 
changing current that increases to its full amount only once for 
each weld, and then gradually decreases to zero. Some welders 
seem to work better \\ith this waveshape of welding current. 
Since less peak current is taken from the power feeder, the stored- 
energy welder does not need so large a power supply or so large 
feeder cables as are needed by the usual a-c resistance welder. 

While electricity is storing energy, the electric current must 
flow in just one direction. Since alternating current (a.c.) 

* Where some power companies distribute two-phase power, a large 
equipment usee current from three or four wires. 

^39 
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changes direction so often, a.c. cannot be used for storing energy 
for longer than a half cycle. Instead, direct current must be 
used for storing the energy for welding. Therefore, any kind 
of stored-energy welder needs a rectifier to change the a-c power 
supply into direct current, which can store energy gradually 
for several seconds if this is needed. 
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Fig. 18.4. — Basic circuit of capacitor-discharge welder. 


Many types of welding equipment store the electric energy 
in capacitors; Fig. 18A shows the kind of circuit us(id with such 
a capacitor-discharge welder. When contacts F connect the a-c 
power supply to the rectifier (whose circuit is described later^^-^), 
the d.c. produced by the rectifier charges capacitors C to a high 
voltage. Contacts F open, and a large amount of energy is now 
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Fig. ISB . — Current and voltage in capacitor-discharge circuit. 


stored in the capacitors. With the welder electrodes pressed 
onto the work, contacts B close; the capacitors discharge their 
energy into the welder by forcing current through the primary 
winding. As current changes in the primary, lai‘ge secondary 
current flows through the work, making the weld. The changes 
in capacitor voltage and welder current are shown in Fig. 18B, 
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The capacitors are charged to 1500 to 3000 volts; because of 
this high voltage, a charging current of 10 to 40 amperes is 
enough for use with most welders. The rectifier for energy 
storage in capacitors has a high-voltage circuit, using thyratron 
or phanotron tubes. 

Another type of welding equipment (called the reactor-storage, 
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Fio. 18C. — Basic circuit of reactoi -storage (Sciaky) welder. 


or Sciaky, process) stores the electric energy in the inductance of 
a special welding transformer. In Fig. 18C the rectifier furnishes 
a low d-c voltage (80 to IGO volts) at all times. After the elec- 
trodes are pressed onto the work, contacts E close, and current 
begins to flow through the welding-transformer primary; but 
this does not yet make a weld. This primary current increases 
very slowly because of the high inductance of the welding trans- 
former, acting like a flywheel. As it increases, the primary 


Current from rectifier, flowing in 
transformer primary 



^ ^ ^--Weloling current in 

transformer secondary 

Iio. 18D — Current in reactor-btorage circuit. 


current gradually stores energy in the magnetic circuit (iron and 
large air gap) of the welding transformer. The amount of stored 
energy depends on the amount of this direct current, as the 
energy stored in a moving car depends on the car’s speed. When 
the primary current has increased to the right amount, contacts 
E are suddenly opened; this stops the flow of primary current. 
Since the energy stored in the transformer cannot escape through 
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the opened primary circuit, it escapes through the closed sec- 
ondary circuit by forcing large secondary current to flow, making 
the weld. These current changes are shown in Fig. 18D, Several 
hundred amperes of direct current are needed for this type of 
energy storage; the rectifier has a low-voltage circuit, using 
ignitron tubes. 

The circuit operation of stored-energy welders is described 
elsewhere;* here we are interested only in the high-voltage, 
thyratron rectifier circuit for capacitor charging, or the low- 
voltage ignitron rectifier circuit. Both types may operate from 
three-phase a-c power; both may be phase-shifted to change the 
amount of d-c voltage and current output. 



Fi«, \SE. — Phase-sliifted three-tubp rectifier for leactor-htoraRe ■weldiiiK 

(C:K7503-J). 


18-2. Three-tube Ignitron Rectifier (CR7603-J). — Most of the 
(drcuit of this rectifier e(iuipinent (for the reactor-storage, or 
Sciaky, pro(iess) is shown in Fig. iSE. Taking power from all 
three wires of the three-phase a-c supply, ignitron tubes 4, 5 
and 6 changef this a.c. into a d-c voltage at terminals F and G; 
this voltage is fed to the welding-machine equipment. Each 

* See footnote, p. 118. 

t These three tubes form a three-phase, half-wave rectifier; in each of the 
three phases, current flows during only half of the a-c wave. A six-tube 
rectifier^*-** may let current flow during both halves of the a-c wave, as it is 
a three-phase, full-wave rectifier. 
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ignitron is controlled and fired by a thyratron tube- The circuit 
of ignitron 6 and its thyratron tube 3 is described below and shown 
in Fig. ISH; it is exactly like the circuit of ignitron 5 and thyra- 
tron 2, or like tubes 4 and 1. 

When the a-c power-supply circuit is closed, the control power 
passes through autotransformer 2T and operates time-delay 
relay ITR. After a 5-min period for warming the thyratrons, 
the ITR contact closes, picking up ICR. If enough cooling 
water flows in the ignitrons, and if the rectifier doors are closed, 
relay 2CR closes its contacts (one contact in each thyratron anode 
circuit) to let tubes 1, 2 and 3 fire the ignitrons, to supply 
current to the welder as it is 
needed. 

Suppose first that tubes 1, 2 and 
3 have no grids and that each tube 
passes current and fires its igni- 
tron as soon as its anode circuit 
will permit. Now see how igni- 
trons 4, 5 and 6 pass current, 
forced by the three-phavse power 

supplied by anode transformer ir. fiq. isf.— C onnection of igni- 

Figure 18F shows this part of the trons in three-phase half-wave 
. , rectifier. 

circuit alone. 

The three branches, or legs, of transformer IT work like three 
separate single-phase transformers. One leg of SIT (between 
A and D in Fig. ISF) produc.es a single-jihase, 60-cycle a-c wave, 
which tries to force electrons from D through the load, through 
tube 4 to A. Figure ISO shows this voltage curve. When A 
is (+) and Z> is ( — ), current* can pass through tube 4; current 
cannot flow through tube 4 during the other half cycle, when the 
anode voltage is negative at A. In the same way, the next 
*S17" leg (between D and B of Fig. 18F) produces a single-phase 
a-c wave, which tries to force electrons from D through the load 
and tube 5 to B. However, in a three-phase system, this voltage 
BD lags 120 degreps behind the voltage AZ), as is showai in Fig. 
180. When 5 is ( + ) and D is ( — ), current can pass through 

* The current waves have the shape shown in Fi^. 180 only if the load 
is noninductive, such as a resistance-type furnace. The welding-trans- 
former load is so inductive that it smooths the peaks, or ripples, into a 
steady current flow, as shown in Fig. 187. 
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tube 6. Also, the third SI ST leg C-to-Z) produces a single-phase 
a-c wave, which tries to force current through tube 6. Figure 
18Cr shows that the curve of voltage CD lags 120 degrees behind 
(to the right of) BD, but CD is 120 degrees ahead of voltage AD. 

When C is (+) and D is (-), 
current can pass through 
tube 6. 

Notice that tube 4 passes 
TUBE4 EF6' current, followed by tube 5, 

j 'S /I ^ 

load) I I I y \ again, etc. The electron now 

K— 360DEG through each tube passes from 

D (mid-point of SIT) through 
the same d-c load (the welding 
transformer). In Fig. 18G, 
between E and (?, it looks as 
/ 1 CURRENT \ I / though current flows through 

/ ^ \ I [ / ^^be 4 and through tube 6 at 

• I H20ob 6-^'* the same time. However, 

V ^I20deci j/""\ only one tube passes current 

^ I / m^ \ at one time when tubes are 

VOLTAGE OF-fT >■■■■■ \ , , . in 

legCD connected this way and all 

\ I I |H I \ pass current through the same 

\ I / I \ Between E and F (Fig. 

\ I / Knon-inductive \ 18G) notice that the anode 

T""'. OUTPUT VOLTAGE voltage of tube 4 is higher 

V ✓ than the anode voltage of 

tube 6, so tube 4 passes all the 
current during the time to the 

LTUBE J^TUBEJ^TUBE 4^TUBE4^ However, at F 

4 ^ 5 6^4 the anode voltage of tube 5 

Fig. 18G. — Voltages and cunents in becomes greater than that of 
three-phase half-wave rectifier. 5 

current to the right of F, until tube 5 similarly transfers the load 
current to tube 6 at H. Figure 18(? shows that the combined 

output of all three tubes is a flow of direct current. The 

height or amount of this current is quite small when contacts 
E (Fig. 18F) are first closed. This current gradually increases 
during the time (usually less than sec) while energy is being 
Itored. 
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18-3. Phase-shifting the Three-tube Rectifier.^ — When the 
three ignitrons operate as shown in Fig. 18(?, they produce about 
170 volts d.c., owing* to the a-c voltage produced by the 8\T 
windings. To adjust this rectifier output closer to 155 volts, 
or to obtain only 80 volts from the same rectifier when that is 
desired, t a phase-shifting circuit is used to control thyratrons 1, 
2 and 3, and thereby delay the firing of ignitrons 4, 5 and 6. 



Fia. 18H. — Grid circuit for phasc-bhifting an ignitron (part of Fig. 18F). 

The circuit of one of these tube pairs is shown again in Fig. 18/f. 
Here if 2CR contact has closed, the voltage of SIT is trying to 
force current through tube 3 and the ignitor of tube 6, so that 
tube 6 will permit a large electron flow from D (center tap) 
through the welding transformer, and cathode to anode of tube 6 
to point 1. However, thyratron 3 is controlled by its own grid 
voltage, between points 3 and 4. This grid voltage is also the 
voltage drop across 3C, which depends on the electron flow 
through the circuit from 4 to 3C and from 3 through adjustable 

*This “three-tube” rectifier refers to ignitrons 4, 5 and 6 in Fig. 18F. 
Thyratrons 1, 2 and 3 are used merely to fire the ignitrons and are not 
counted in the number of rectifier tubes. If thyratrons 1, 2 and 3 are not 
used for firing ignitrons, but instead supply a single combined load of their 
own, they become the three-tube rectifier. 

t This tube rectifier is often arranged to furnish d-c power to two Sciaky 
welding machines, interlocked so that only one machine operates at one 
time. By proper automatic operation of relays ZCR and 4C/J, one machine 
may receive say 155 volts for welding thick metal parts, while the other 
machine welds smaller parts a moment later, receiving a lower voltage 
from the same rectifier. 
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resistor IVR or 2VR to point 2. (This 3C capacitor is not merely 
the small grid-to-cathode protective device^-*'^ used so often in 
previous circuits. Here 3(7 is larger, 1 mu f, and helps to control 
tube 3.) To make the rectifier furnish 155 volts to the welder, 
relay SCR is picked up by a selector switch in the upper right 
portion of Fig. 18J5^. This opens the SCR contact in Fig. 18H, 
inserting the resistance of IVR into the tube-3 grid circuit. 
However, to make the rectifier furnish only 80 volts to the welder, 
the selector switch is closed so as to pick up 4(7/?. This opens 
the 4C/? contact instead (in Fig. 18H), inserting the larger 
resistance of 2VR into the tube-3 grid circuit. At the same time, 
other 4C/? contacts are controlling the grids of tubes 2 and 1 in 
the same way. Let us see how these resistances of IVR and 
2VR phase-shift tubes 1, 2 and 3, to change the rectifier output 
voltage. 

If the contacts of SCR and 4CR could be closed at the same 
time (in Fig. 18//), the grid of tube 3 is connected (through 
protective resistor SR) to the tube-3 anode at point 2. The grid 
becomes positive at that instant when the tube-3 anode voltage 
crosses the 0 line; this is shown at J in the upper curve of Fig. 
187. However, tubes 3 and 6 cannot pass current earlier than 
point Kj for the preceding ignitron 5 is carrying all the load cur- 
rent until K (where the voltage of transformt^r leg CD be(5oines 
greater than leg BD). Notice that, even if the phase of the 
tube-3 grid voltage is delayed 30 deg, so that it does not become 
positive until /C, it does not affect the firing of tube 3. 

If contact SCR is open, the resistance of IVR is now in seri('s 
with capacitor 3(7. Part (6) of Fig. 18/ shows how the arrow cf 
alternating current / (flowing in this IVR-SC grid circuit oi 
tube 3) leads the tube-3 anode-voltage arrow CD by the angle' 
L, or less than 90 deg. Since the voltage across capacite)r SC is 
always 90 deg behind current /, this SC voltage now lags behind 
CD by the angle M] the tube-3 grid does not become positive' 
until point N, At N tube 3 passes current, which fires ignitron fi. 
Notice that the preceding ignitron 5 has continued to carry the 
load current until point N ; the voltage applied to the load has 
been decreased somewhat, since the sections P have been lost 
by the delayed firing of the tubes. We see that IVR may be 
set so that the remaining load voltage is perhaps 155 volts, as 
is desired for the operation of one weldiiig machine. 
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18/. — Waveshapes in three-tube rectifier when phase-shitted to decrease the 
output voltaKe. 
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If contact 4CR is open, the resistance of 2VR is now in series 
with capacitor 3C; this 2VR resistance is greater than that of 
IV R, and is set to produce lower rectifier voltage. Part (c) 
of Fig. 18/ shows that the current I now leads the anode voltage 
CD very slightly; the tube-3 grid voltage (across 3C) lags by 
the angle Q, so tube 3 does not fire ignitron 6 until point R. 
The preceding ignitron 5 has continued to carry the load current 
until point R, although this applies a reversed or negative voltage 
to the load, as shown at S, The rectifier now produces a jagged 
voltage wave whose average height is less than before; this 
reduced voltage forces less current through the inductive load 
of the welding transformer. 

18-4. A Six-tube (Three-phase, Full-wave) Rectifier. — Figure 
18t/ shows the main parts of a rectifier that supplies high-voltage 



a 
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Fm. 18J. — Three-phase full-wave rectifier for capacitor-cUscliarge welding. 


d.c. for charging capacitors used in a stored-energy welding 
equipment. After the capacitors are charged, tube 14 is fired 
to let the capacitors discharge through the welding transformer, 
thus producing the weld. Notice that six hot-cathode tubes 
are used in the rectifier; only three of these are grid-controlled. 
The anode transformer has three secondary legs (like SIT in 
Fig. 18i?), but no wire connects to its center tap. These three 
legs are numbered like three separate transformers IT, 2T and 
37"; these furnish three-phase power at terminals A, B and C, 
Although there are only three a-c voltage waves (as shown in 
Fig. 186?) , we shall find that the d-c output voltage of this rectifier 
(between points 7 and 9) has six peaks, or ripples, during each 
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complete cycle of the a-c power supply, as showi;i in Fig. ISilf. 
To see what causes these six peaks, first notice that tubes 4, 5 
and 6 alone would operate like the three-tube rectifier of Sec. 
18-2, producing a voltage wave like Fig. 18G. Figure 18K shows 
the waves of a-c voltage produced by the secondary windings 
SIT, 82T and S3T in Fig. 18 J. Starting with the winding 
between A and B, curve AB (in Fig. 18K) shows the voltage 
wave when is (+) and B is ( — ). During the next half cycle, 
when A is ( — ), the continuing curve BA is shown dotted below 
the straight 0--0 line. Transformer lead A is connected to the 
anode of tube 4, which passes current while curve AB is above 
the line, but it cannot pass current while curve BA is below the 
line. Similarly, curve BC is the voltage wave (appearing 
between transformer terminals B and C) when £ is (+) and C 
is ( — ) and current can pass through tube 6; curve CA shows the 



Fig. ISK — Voltage waves of three-phase tiansformei in Fig. 18/. 

voltage between terminals C and A when C is (+) and A is ( — ) 
and current can pass through tube 6. 

Now see what happens when all six tubes are used. During the 
peak of curve AB, electrons start from negative terminal B 
and pass upward through tube 3 and 17? to point 8 and to the 
capacitors. Returning from 7 (positive side of capacitors), elec- 
trons pass through whatever thyratron completes the circuit to 
terminal A ; this is seen to be tube 4. Place this information in 
Fig. 18L by marking 3-4 above peak AB, showing that current 
flows through tubes 3 and 4 at this part of the wave. Still using 
transformer terminals A and B, but a half cycle later, when A 
is ( — ) and B is (-f), electrons cannot flow in the reverse direc- 
tion, down through tubes 4 and 3. However, notice that elec- 
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trons can now flow from A up through tube 1 and IR to the 
capacitors, returning through tube 6 to B, This shows that 
electrons flow in the same direction to the capacitors, even during 
the peak of wave BA (below the straight line in Fig. ISiir). 
To show this rectifier action, in Fig. 18L wo can turn curve BA 
upside down to a new place above the straight line, but crossing 
it at T and U, the same as before. During this peak BAy 
electrons flow through tubes 1 and 6, so 1-6 is marked above 
peak BA . (Notice that peak BA takes its place halfway between 
peaks BC and CA.) In the same way, if we follow the voltage 
wave between transformer terminals B and C, we shall see that 



Fig. 18L.— Voltage waveh moved above the line by rectifier action. 

electrons flow from C ( — ) through tube 2 to capacitors, returning 
through tube 6 to 5 (+); a half cycle later, they flow from B 
( — ) through tube 3 to capacitors, returning through tube 5 
to C (+). 

Figure ISM shows the final result. Notice how the tubes 
transfer the current load from one to the other (in much the 
same way that a man shifts his weight from one foot to the 
other while walking). For example, at X tube 2 continues to 
fire, but the load is transferred from tube 4 to tube 6; at Y (60 
degrees later) tube 6 still continues to fire, but the load is shifted 
from tube 2 to tube 1. Each tube may pass current steadily 
during two of these voltage peaks; the shaded part of Fig. 18M 
shows that tube 3 is passing current during the voltage peaks 
CB and AB, Current may flow in any tube during 120 deg or 
one-third of each cycle. 

At every instant, one phanotron and one thyratron are con- 
nected in series, so that the same current flows through both; if 


Sec. 18-51 


LARGE-CURRENT RECTIFIERS 


261 


we grid-control one of this pair, we may contrpl the current 
flowing through both tubes. The rectangle in Fig. 18J contains 
circuits (not shown) that phase-shift tubes 4, 5 and 6; we are 
interested only in the result — the effect on the voltage produced 
by this six-tube rectifier. 

In Fig. 18M, even if tube-6 grid becomes positive at W (at 
the start of the voltage wave whose peak is BC), notice that 
tube 6 cannot pass current until X (60 deg. later) or until tube 4 
stops passing current. Therefore, the tube-6 grid may be phase- 
shifted as much as 60 deg without affecting tube 6. However, 
if the grids of tubes 4, 5 and 6 are phase-shifted about 100 


3-5 3-4 2-4 2-6 1-6 1-5 3-5 3-4 2-4 



Fn4. ISM. -Output-voltage wave of three-phase six-tube rectifier. 


dc^grees, Fig. 18A^ shows the result — ^a jagged output voltage wave, 
whoso average height is lower than in Fig. 18il/. In (a) of 
Fig. 18A'‘, the curves show the rectifier output when it is supply- 
ing a i-esistance load, or when it is starting to charge a capacitor 
that has not yet built up any voltage. 

18-6. Effect of Capacitor Voltage on Rectifier Output. — When 
th(i three-phase rectifier of Fig. 18J has charged the capacitors 
to say 2(K)0 volts d.c., more current cannot flow into the capacitors 
except when the rectifier voltage 7-to-9 is greater than 2000 volts. 
This is shown in (6) of Fig. ISN; only the shaded part of the 
rectifier voltage can force current to flow — the rest of the rectifier 
voltage is offset or bucked by the capacitor voltage. Charging 
current flows only in pulses, as at F. At point G (where the 
(charging current stops), the tubes have disconnected points 7 
and 9 (of ¥ig. 18J) from the transformer terminals A, B and C; 
the d-c capacitor voltage now appears between points 7 and 9 
until a tube again fires, at H. 

As shown in (b) of Fig. l8iV, the capacitor charge or back- 
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voltage opposes the anode-transformer voltage so that only the 
difference (shaded portion) appears across the tubes. If the 
amount of this voltage (/ in Fig. ISN) is larger than about 15 
volts, it is enough to make these hot-cathode tubes pass current.* 
To store enough energy, the capacitors (Fig. 18J) are charged 
to high voltage, which appears between points 7 and 9. Since 
a thyratron and a phanotron always operate together across this 
voltage, only half of tliis high voltage appears between anode 
and cathode of any single tube. 
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Fio. 18iV. — Waveshapes of rectifier of Fig. 18/ at decreased output. 


18-6. A Six-tube (Six-phase, Half-wave) Rectifier. — Still sup- 
plying-three phase power to the anode transformer. Fig. 180 
shows how six tubes may be connected to work as a six-phase 
rectifier. The anode transformer has three secondary windings 
(AE, DC and J5F), each of which has a center tap; the three 
center taps are connected together, and they also are connected 
to N, the negative side of the d-c load. This forms the six-ended 
'^snowflake^' shape shown in the upper part of Fig. 180. With- 
out any connection's being changed, these secondary windings 
are shown again in two groups, making them look like six separate 
windings, each having one end connected to N, The other ends 

* These thyratrons cannot be replaced by ignitron tubes in this circuit, 
if this small voltage I is used also as the ignitor voltage; at least 100 to 
150 volts is needed for an ignitor circuit. Ignitrons cannot work as rectifiers 
to supply a capacitor or a d-c motor-armature load, unless the circuit is 
arranged as described in Sec. 18-9, 
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of these windings connect to the six tube anodes. 4JI six cathodes 
are connected together and to the positive side of the d-c load. 
Figure 18P shows how each of the six parts of the anode-trans- 



Fig. 180. — Six-phase half-wave rectifier. 


former secondary produces a complete a-c voltage wave, so that 
there are six separate waves during each cycle of the power 
supply. Since a rectifier tube is connected to each of the six 


X Y 



Fig. 18P.- -Transformer voltages supplied to six-phase rectifier of Fig. 180. 


ends of the windings, current may flow during only one half of 
each a-c wave; the halves below the N line in Fig. 18P are not 
used, for they make the tube anodes more negative than N. 
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The output waveshape of this rectifier (shown by the line along 
the tops of the voltage waves in Fig. 18P) is the same as in 
Fig. 18M. 

In Fig. 180, tube 1 passes current only when transformer termi- 
nal A is more positive than any other terminal. Figure 18P 
shows that this happens near the top of the AN voltage wave; 
between X and F, electrons flow (in Fig. 180) from N through 
the load and return through tube 1 to A. In the six-phase 
rectifier, notice that current flows through only one tube at any 
instant; the whole ^-to-iV transformer voltage appears across 
the load and just one tube. Each tube handles the whole load 
current during 60 degrees or one-sixth of each cycle. 

18-7. Six-tube Rectifier with Interphase Transformer.— This 
rectifier (shown in Fig. 18Q, and called a double-}" three-})hase 



Fio. 18Q.' — Six-tube lectificr with iiiterpliase tiarihfornier 27’. 

half-wave rectifier) has the same circuit as Fig. 180, except that 
an interphase transformer 2T is added between N and the center 
taps G and H. This transformer 2T has large inductance; to 
show its effect. Fig. ISIi includes an enlarged picture of the 
rectified voltage near the peaks. At point }" (which is the 
same as Y in Fig. 18P), when the curivnt through tube 1 decreases 
(to let the tube-2 current increase), the current through the 2T 
leg GAo-N must also decrease. The inductance of 2T reacts to 
this decreasing current by producing a voltage (shown at R in 
Fig, 187?) that prevents voltage AN from decreasing so fast; 
instead, the potential of tube-1 anode is made to follow the 
curved line from F to S. This sudden voltage 7? in the GAo-N 
leg makes a similar voltage L appear across the A^-to-7/ leg of 
2r; this voltage L (in Fig. 187?) prevents voltage DN from rising 
so fast. Instead the potential of tube-2 anode is also made to 
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follow the curved line Y to 8, Since the anode Voltages of tube 
1 and tube 2 are now equal, both of these tubes may pass current 
at the same time. Not until 8 does the tube-1 current stop; 
this tube-1 current shifts to tube 3. Meanwhile, tube 2 continues 
to pass its half of the load current until T, where it is shifted to 
tube 4. 

When the interphase transformer is added, the load current 
is made to divide between two tubes.* Each tube needs to carry 
only half as much current as it would carry in the six-phase 
circuit of Fig. 180, but it must carry this current for cycle 
instead of ^ ^ cycle. The output voltage of this rectifier {8T in 
Fig. 18/0 has six peaks, or ripples, during each cycle. 

The tubes shown in Figs. 180 and 18Q are simple phanotrons. 
By using thyratrons instead, either kind of six-tube rectifier 
may be phase-shifted to give variable d-c output voltage. Large 



I'lci. 18 R. — Waveshapes of rectifier \^ith iiiterphase transformer. 


powei- rectifiers that deliver more than 50 kw output may ha\'c 
similar circuits; they generally use ignitron tubes specially 
designed for rectifier servif^e. Such a six-tube power rectifier is 
discussed later. First let us see how such ignitrons may be 
used to supply direct current to the armature of a large d-c motor, 
which needs more current than is usually furnished by thyratrons. 

18-8. Ignitron Rectifier for Motor-armature Supply. — Figure 
ISS shows ignitron tubes 1, 2 and 3, which are us^ as a three^ 
phase half-wave rectifier. (Although a similar circuit is shown 
in Fig. 18-E', that rectifier is used with a welding transformer; 
such a load has no back voltage, so the ignitrons are fired by 
thyratrons that operate from the same anode transformer.) The 

* Anode reactors also permit several vapor-filled tubes to share the total 
load; without such anode inductance, one of the vapor-filled tubes takes 
• 11 or most of the load current. 
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complete circuit for firing ignitron tube 2 is shown; the same 
kind of circuit is used with tube 1 and with tube 3. 

A rectifier-type ignitron is used in Fig. ISS; it differs from 
welder-type ignitrons®"® because it has a holding or auxiliary 
anode, baffles or shields inside to oppose arc back, also two 
ignitors, one of which is merely a spare. 

Only the main anode of the ignitron is connected to the three- 
phase anode transformer; the ignitor circuit has a separate volt- 
age supply all its own, and the holding anode has another separate 
supply. Even when the main anode voltage is so low that no 



current flows in this main anode or in the motor armature, the 
ignitor still fires the ignitron; current still flows through the 
holding-anode circuit. 

In Fig. 18S, phanotron tube 5 and thyratron 8 control the 
large current pulse needed for firing ignitron 2. This electricity 
comes from transformer S5T, Tube 5 is a half-wave rectifier, 
which lets the S5T voltage charge capacitor 2C to about 300 
volts; electrons flow from terminal 4 of S5Tj up through 6R, 
tube 5, fuse and 5J?, back to S5T, The voltage drop across 6R 
charges 2(7. Whenever thyratron 8 is fired, the charge in 2C 
forces electrons to flow from 4, cathode to ignitor of tube 2, 
cathode to anode of tube 8, through 7R and 2X to 7. This dis- 
charge current is large enough to fire ignitron 2; 2C discharges so 
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quickly that this current pulse lasts only cycle. Reactor 
2X prevents this discharge current from increasing too fast. 
Once each cycle tube 2 is fired in this way. Capacitor 2C is 
then recharged through tube 6, ready for the next cycle. 

During most of each cycle, tube 8 is kept from firing, because 
its grid is connected to point 5; rectifier tube 13 produces a 
voltage across 13/2 (filtered by 13C), which keeps point 5 perhaps 
50 volts more negative than point 4 (which is the cathode poten- 
tial of tube 8, since there is now no voltage drop across the tube-2 
ignitor). To fire tube 8, grid transformer SIOT is energized 
by another tube circuit (which is not shown, but which may be 
similar to circuits described in Chap. 26). /SlOr gives a voltage 
pulse that drives the tube-8 grid more positive than point 4; 
this happens at the desired point in each cycle. 

Earlier (near the beginning of each positive half-cycle of 
tube-2 anode voltage), the voltage produced by SST becomes 
positive at the end nearest tube- 11 anode; the holding anode is 
now more positive than the pool cathode and terminal 4. As 
soon as tube 8 lets 2C discharge through the tube-2 ignitor, SST 
forces electrons to flow from terminal 4, cathode to holding 
anode of tube 2, through tube 11, fuse and 8/2 to SST; this flow 
is steady for the rest of that half cycle. Since these electrons are 
already flowing in tube 2 and the holding anode, the main anode of 
tube 2 may also pass current (even a part of an ampere) whenever 
the anode-to-cathode voltage is greater than 15 volts. In this 
way, ignitron 2 now behaves like a thyratron and may be used in 
motor-armature circuits usually supplied only by thyratrons. 

18-9. Magnetic-impulse Firing of Ignitron Rectifier. — ^Large 
ignitron rectifiers often supply d-c loads of 75 to many thousand 
kilowatts, using three or more of the rectifier-type tubes. The 
circuit arrangement of such a six-tube rectifier is shown in Fig. 1ST; 
these tubes are connected to the six-phase transformer IT and 
the interphase transformer 2r, as shown in Fig. 18Q. Of special 
interest in Fig. 187" is the circuit inside the dotted rectangle, 
which is used for firing ignitrons 3 and 6; two duplicate circuits 
are used to fire the other ignitrons. All these firing circuits 
receive a-c power from control (auxiliary) transformer 32"; solid 
lines show the parts used mainly with tubes 3 and 6. The 
holding anodes of the ignitrons receive power from the six-phase 
537" winding (above tube 6). 
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The one firing circuit (in the large rectangle in Fig. 1ST) 
may be used with both tubes 3 and 6 since these tubes use the 
same phase of the three-phase power supply; the anode voltage 
of tube 3 is opposite to (or 180 deg. out of phase with) the tube-() 
anode voltage. The rectangle circuit fires tube 3 at the desired 
time; then cycle later it fires tube 0. In this firing circuit 
no tubes are used; the sudden ignitor-current impulse comes 
entirely from devices that are not electronic. Because the 



Fig. 18 r. — Magnetic-impulse firing of six-phase ignitron rcctifi(‘r. 


SST voltage includes a portion from several phases, the voltage-J 
input to the rectangle lags about 20 deg behind the tube-6 
anode voltage. This voltage J is connected across resistor R* 
and a saturable reactor >SX, to form a phase-shifting circuit. 
With no direct current flowing in SX, the voltage K lags about 
45 deg behind voltage J. By increasing the d.c. in aSX, the 
voltage K is brought closer in phase with J) since this advances 
the firing point of the ignitrons, an increase of this d.c. in SX 
will increase the voltage output of the 6-tube rectifier. 

* In the complete firing circuit, R is often replaced by a capacitor and : 
consta^jt reactor in series. 
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Starting now with the a-c voltage first let us watch how 
ignitron tube 6 is fired. During the half cycle of K voltage when 
point 11 is more positive than 10, capacitor C becomes charged 
by electrons flowing from 10 into C, through reactor X to 11. 
This C voltage is positive at point 12; it increases slowly within 
the half cycle because reactor X does not permit the charging 
current to increase suddenly. Before this C voltage is near 
its largest amount, the reactor SR has so much inductance that 
C voltage can force only a small flow of electrons from 10 through 
the left side of autotransformer AT to mid-])oint P, from cathode 
to ignitor of tube G, through disk rectifier QDR to point 13, 
through SR to 12. This current is too small to fire tube 6. 
However, SR is carefully built of special metal (such as Nicoloi), 
which saturates suddenly when the voltage across it reaches a 
certain value (as shown on its saturation curve at V in Fig. 
187"). When the voltage across capacitor C becomes greater 
than this value F, suddenly SR loses most of its inductance and 
cannot prevent a change of current through it. Capacitor C 
now discharges, forcing large current to flow through the tube-G 
ignitor and SR; this current fires tube 6. As C discharges 
quickly, its voltage drops to less than V and lets SR regain its 
high inductance; the large ignitor current flows for less than 
cycle. This is long enough to fire tube 6; the voltage L (one 
leg of aS37") now forces electrons to flow from the pool cathode to 
the relieving anode and through G/f. This current flows for the 
rest of the half cycle of M voltage; any time after this holding- 
anode current starts, current may flow also through the main 
anode of tube G for as much as H cycle before ignitron 2 fires. 
All the above actions happen within the half cycle while voltage 
K is more positive at point 11. 

During the next half cycle, the voltage K reverses (in the 
rectangle circuit of Fig. 187"), so that point 10 becomes more 
positive than 11; slowly capacitor C charges to this new voltage. 
This C voltage forces a small flow of electrons from 12 through 
SRj through the right-hand side of AT* to mid-point P, from 
cathode to ignitor of tube 3, through disk rectifier SDR to point 
10. When the C voltage becomes larger than F, SR saturates 

* Notice here that disk rectifier prevents the flow of electrons 

from 13 in the reverse direction (ignitor to pool of tube 6), which might 
damage the ignitor of tube 6. 
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and permits much larger electron flow through this same path, 
firing ignitron 3. At once, voltage M forces electrons to pass 
from the tube-3 pool to the relieving anode and thiough 3/2. 

Only the firing of tubes 6 and 3 is described above. After 
tube 6 is fired, tube 1 is fired (60 deg or cycle later) by a 
separate rectangle-fi circuit; then tube 2 also is fired (by rec- 
tangle C) before tube 3 is fired. The three rectangle circuits 
take turns in firing their ignitrons; each rectangle circuit fires 
two tubes, 180 deg or cycle apart. 

To decrease the output voltage of the rectifier, the amount of 
direct current is decreased in SX and the two duplicate saturable 
reactors in rectangles B and C ; all six ignitrons now receive their 
ignitor-current pulses later in the cycle. 

Questions 

1. Which of the following examples use a type of energy storage similar 
to the energy stored in a transformer? 

a. The Christmas-olub plan of a savings bank 
c. The flyw^heel on a punch press 
e. Beating a rug 

g. A water tank high above ground 
i. A crowbar 

True or false? Explain why, 

2. If tubes 4, 2 and 6 are removed from the six-tube rectifier of Fig. 180, 
the output waveshape becomes the same as in Fig. 180. 

3 . The firing point of ignitrons (in each half cycle) cannot be controlled 
accurately unless tubes are used for controlling the ignitor current. 

4 . Only a six-phase rectifier has six ripples per cycle. 

6 . Four tubes may be connected so that their output voltage has either 
four ripples per cycle, or two per cycle. 

6. If the firing of each tube of a six-phase rectifier is delayed the same 
amount, no tube can be delayed more than 120 deg. 

7. In a three-phase rectifier, if one tube loses its grid voltage, that tube 
may pass current for a half cycle, or 180 deg. 

8. In Fig. 18/, if the phase-shifting circuit always fires tubes 4, 5 and 6 at 
90 deg lagging, the same amount of tube current flows, whether the capaci- 
tors have 1500 volts^ charge, or zero charge. 


b. Hammering a nail 
d. An air rifle 
/. An air hose 
h. Batting a ball 
j, A handsaw 



CHAPTER Id 

HIGH FREQUENCIES AND SHORTER WAVELENGTHS 

All the circuits studied this far use d.c., or they use a.c. at a 
power-supply frequency, such as 60 cycles per second. Many 
electronic circuits in industry operate at much higher frequencies; 
many kinds of electron tube may be made to produce a.c. that 
changes direction millions of times each second. Today we 
have radio, induction heating, fluorescent lights and X rays 
because electron tubes can make such very high frequencies or 
oscillations. The secret of success of these fields of electronics 
is due to the high frequencies themselves; if we could produce 
such high-frequency a.c. by other devices besides electron tubes, 
we could still have radio,* X rays, etc. Since variotis kinds of 
electron tube can help to produce these very high frequencies 
so easily, or can respond to them, we include the results in the 
study of electronics. 

We read or hear so much about the wonders of electronics, 
where we find words or names such as microwaves, megacycles, 
ultraviolet. X-ray diffraction, artificial fever, FM, uhf, short- 
wave radio, television, supersonics, infrared and angstrom units. 
Although many of these apply to the field of communications 
and broadcasting, yet electronics in industry makes similar use 
of these ideas or terms. Many industrial problems are being 
solved by using electronic circuits once used only in radio. 
Therefore, this chapter includes basic thoughts along these lines, 
to supply some of the knowledge usually obtained in the study 
of physics. Also since electronics is used in problems of sound, 
heat, and light, we need to know the nature of these things. 

19-1. The Frequency Spectrum. — To understand many parts 
of electronics, we must know how electricity behaves at higher 
frequencies. Besides flowing as electric current in a wire or 
through a tube, electricity sends an impulse or a signal through 

* Early radio used no electron tubes, but produced the needed high 
frequency by arc gaps. X rays produced by electron tubes give about the 
same result as radium, the rare material made by nature. 
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space perhaps for thousands of miles. Electricity that reverses 
a million times per second can cause results far beyond what the 
same electricity can do at 60 cycles per second. This effect 
that electricity produces out in space is called electromagnetic 
radiation, * 

What many people may not know is that this electric signal 
through space (which gives us radio, induction heating or arti- 
ficial fever) is exactly the same thing as a beam of light or 
X rays, or heat from the sun, except that the frequency is diffei- 
ent. An}^ light that we see (whether it is sunlight or (;omes from 
a lamp) is really a radiation or movcMuent of em^rgy through 
space; it is vibrating about a million billion times per second. 
A human eye responds to this kind of energy signal and we (^all 
it light. If this same kind of energy ])asses through space ))ut/ 
A'ibrates only om^tenth as rapidly as the light ray, the eye cannot 
see it but we can feel it — it is now the kind of enei-gy signal that 
w(' (^all heat. Vibrating at these frequerndos of light and heat, 
we do not say that this energy is electrical; yet it was proved 
20 years ago that the only difference between a ray of light and 
a radio electrical beam is in its freciuency, or rate of vibration. 
Since it is known that all these kinds of radiation (light, heat, 
radio, ultraviolet, X ray, etc.) differ only in frequency or wave- 
length, we (;an show and stiuly them la^tter by })utting them on a 
chart; the entire range of th(\se known frequencies is called the 
frequency spectrum or the ether spectrum. Such a chart is shown 
in Fig. 19.4. Even a (iO-cycle alternating current may produce 
a radiation of energy through spat^e (which we also call its 
magnetic field); such a radiation is shown at the left-hand or low- 
frequency endf of Fig. 19A, at the point marked A. 

Between A and C on this chart is a part marked ‘‘ Sound. 

A sound we hear is not a radiation of electricity through spac^e; 
instead, sound is the effect on our ears caused by a vibration 
passing through the air. t However, this sound vibration has a 

* For more complete description of such radiation, see Don P. C^avorly, 
Primer of Electronics,” Part HI, McGraw-Hill l^ook Company, Inc., 
New York, 1943. 

t Sometimes the spectrum chart is arranged so that the low-frequency 
end is at the right; tracing along such a chart from left to right, the wave- 
length increases. Tracing from left to right in Fig. 19^4, the frequency 
increases and the wave length decreases.. 

t If an electric doorbell is placed inside an airtight glass tank, the sound 
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frequency of about 30 to 10,000 cycles per second; we include 
sound in Fig. 19^4 (even though it is not an electromagnetic 
radiation) to complete the picture of those things that we 
recognize or know by their frequency or rate of vibration. 

19-2. Figures on the Spectrum Chart. — To be able to include 
the frequencies of these known kinds of electromagnetic radiation, 
the chart of Fig. 19^4 must reach from 1 cycle per second up to 
1,000,000,000,000,000,000,000,000 cycles per second. To make 
this possible (and still be able to show useful figures at each part 
of the chart), we use a logarithmic scale; with such a scale, each 
time we move one division to the right on the top scale, the 
number of cycles has increased 10 times. (Notice that the 
1000-cycle mark is two div^isions from the 10-cycle mark.) 

Above 1000 cycles (and through part of the radio range), the 
frequency is given in kilocycles. Each kilocycle is 1000 cycles 
(as shown in the following table so the point marked 100 kc 


Prefix 

Meaning 

1 Example 

iiijcro 


1 Microwatt 

niilli 

lOOO’ ^ 

Milliampero 

centi 

1 ^,, or 0 01 

Centimeter 

hecto 

100 

Hectowatt 

kilo 

1000, or 10* 

Kilow att, kilocycle 

mega 

1,000,000, or 10« 

Megawatt, megacycle 


is also 100,000 cycles. Similarly, a million cycles is called a 
megacycle, so 10 Me is the same as 10 million cycles, or 10,000 
kc. (At point E in Fig. 19A, the frequency of 300,000,000 cycles 
per second can also be called 300 Me or 300,000 kc.) At still 
higher frequencies, instead of using ‘‘millions of megacycles 
or “ trillions, etc., values of wavelength are more often used, as 
described later. However, these huge numbers of cycles may 


of the bell may be heard by a person oiitside the tank as long as enough air 
is left inside the tank; the air carries the sound vibrations from the bell to 
the wall of the tank. However, when the air is pumped out of the tank 
(producing a vacuum), the bell is no longer heard, although it is still seen 
to be moving. 
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Fig. 19.A. — Spectrum of frequencies and wavelengths. 
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also be shown as 10^® or 10, etc.* To show the size of these 
numbers in the upper right-hand part of Fig. 194^ let us realize 
that if the entire national debt of the United States is $1,000 
billion or $1,000,000,000,000, it is merely $1 X 10^^. So the 
number of cycles per second in a light beam is ten times greater 
than the number of pennies in our national debt. 

While these figures at the top of Fig. 19A are increasing, there 
are other figures, at the lower side of the chart, that are decreasing. 
At point E, notice that a frequency of 300,000,000 cycles is on 
a line with a 1-meter wavelength. 

19-3. Frequency and Wavelength. — ^When you watch waves of 
water move past the end of a pier, the waves may be 10 ft apart 
(from one tip or crest to the next crest); if one wave passes 
during each second of time, you know that the waves are travel- 
ing 10 it per second. This wave movement is a kind of vibration 
in the water; the wavelength of this vibration is 10 ft, while 
its frequency is 1 per second. If now the wind changes so that 
the waves are only 5 ft apart (but traveling at the same speed 
of 10 ft per second), twice as many waves must pass during each 
second. The wavelength is now 5 ft, the frequency is 2 per 
second. As the wavelength decreases, the frequency increases 
(as long as the speed is unchanged). 

Similarly, a sound travels through the air at, roughly, 1000 ft 
per second. If this sound is a low note that vibrates 100 times 
per second, then 100 waves (or air-pressure crests) pass your ear 
each second. As these waves radiates or move in a straight 
line through the air, the distance between them must be 10 ft. 
(Wave-length = 10 ft. Frequency = 100 per second.) If the 
sound changes to a higher note, of 1000 vibrations per second, 
it still travels at the same speed of 1000 ft per minute; however, 
the wavelength (or distance between air-pressure crests) is now 
only 1 ft. 

For any other part of Fig. 19A except ‘‘sound,’^ the speed at 
which the electromagnetic radiations travel is the speed of light 
or the speed of electricity. This speed is about 186,000 miles 
each second; this is also 300,000,000 meters per second (for each 

* In the figure 10^®, the shows the number of zeros in the whole number. 
10^5 is the same as 1,000,000,000,000,000. Similarly 

10« « 1 million * 1,000,000. 

101® « ten billion « 10,000,000,000. 
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meter is about 40 inches long). At point Ej where a radio beam 
changes at the rate of 300,000,000 cycles per second, the distance 
between crests of these radio waves is 1 meter. Moving one 
scale division to the left of J?, to where the frequency is decreased 
to 30,000,000 cycles or 30 Me, the wavelength* is increased to 
10 meters. 

At the lower frequencies (to the left of Z>, the broadcasting 
range in Fig. 19A), the wavelength is seldom mentioned; however, 
to the right of E, we hear of radar or other units using ^‘centi- 
meter waves”; a 3(K)0 Me signal has 10-cm waves. Farther to 
the right, heat and light wavelengths are often described in 
millimicrons or in angstrom units, as explained later. 

19-4. Sound. — Most a-c motors or transformers have a hum- 
ming noise, a low note such as a man might hum. Operating 
from GO-cycle supply, this hum is a vibration of 120 cycles pei 
second, t As shown in Fig. 19A, the range of most sounds is 
between 20 and 10,000 cycles; there are air vibrations below 20 
or above 20,000, but the earf cannot respond to them. To 
know this range of sound frequencies, notice that middle C on 
a piano is at a frequency of 256 cycles; one octave higher is 
512 cycles. Raising the note or pitch by one octave doubles the 
frequency. If you can whistle through a range of two octaves, 
your top note is a vibration four times the frequency of your 
lowest note. 

While the highest main note of a piano is about 4000 cycles and 
that of a violin is 3000, most musical sounds contain overtones 
or frequencies above 4000; these higher freciuencies make a 
piano note sound different from a flute or a violin note. If these 
frequencies above 4000 cps are not included in a recording or a 
broadcast, the result does not sound the same as the instrument 
itself. Therefore a range of 6000 cycles is needed for each “chan- 
nel” through which radio entertainment is sent. 

* The radio wavelength (in meters) is always equal to 300, 000 /kilocycles. 
So, a station broadcasting at 1000 kc has a wavelength of 300 M. A 
“short-wave'' radio station, using a 5-M wave, has a frequency of 00,000 kc. 

t The transformer hum is caused by changes of a-c power within the iron 
core; this power changes once during each half cycle of current flow, so the 
sound has a frequency twice that of the a-c supply. 

X The human ear responds best to sounds at about 1000 cycles, with less 
response to higher or lower frequencies. Only a young ear hears well above 
10,000 cps. 
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In industry, noise meters may measure the quantity of noise 
produced at any spot; they may also locate the frequencies 
of the main sounds produced by a machine, to help tell which 
gear or other part is noisy. Such noise meters use electronic 
(jircuits; the noise is changed into an electric vibration or signal 
by a microphone. Since sounds below 1000 cps affect the human 
ear less than higher frequencies, the meter includes circuits that 
allow for this. 

19-6. Supersonics. — As a sound rises to ver>^ high pitch 
(10,000 to 20,000 cps) it is very shrill; gradually it fades and 
cannot be heard. The vibration is still there, but it is above the 
range of the ear; it is now a supersonic (above sound) vibration. 
Some insects and animals produce or hear such noises, which 
man never hears. One type of police whistle is heard by a dog 
far away, but cannot be heard by a man near or far. A bat 
flies in the dark without striking a wall or even a wire inside a 
room; the bat makes a supersonic noise, at about 50,000 cps, 
and then listens for the echo reflected from the wall or the ^\^^e. 
If the bat’s mouth or ears are covered, it strikes the wall. Making 
more than 20 of these ^‘noises” each second, the bat acts like a 
radar (whose electronic circuit sends out pulses of high-frequency 
waves, then measures the time of their reflected return). 

In industry, supersonic vibrations (produced by electronic 
circuits and vibi'ating crystals) may mix together liquids that 
usually stay aimrt. Such waves also measure distances through 
water or locate defects in thick metal castings. These results 
come from the waves vibrating at high frequency; electron-tube 
oscillators produce the waves, while other tube-operated cir- 
cuits measure the time before the reflected waves return. 

These supersonic waves are like sound, moving through air, 
water or metal at speeds less than 1 mile per second. Their 
fretiuencies are the same as those used for some kinds of radio; 
however, at this same frequency, the radio waves are electro- 
magnetic, and travel 186,000 times faster through space. 

19-6. Radio. — So much is written about radio, discussion of 
it here is needless, except for a few names. Radio equipment 
uses mostly circuits of vacuum-tube oscillators (see Chap. 20) to 
produce and to receive high-frequency signals. Figure 19A 
shows how radio services use the frequency range above 10 kc, 
to wavelengths of 1 cm or less. This range is split into the seven 



268 


ELECTRONICS IN INDUSTRY 


[Chap, 19 


divisions marked with letters for Very Low Frequency/^ ^'Low 
Frequency/^ ^^Medium FreqJ* ''High F/^ "Very-High F/^ 
"Ultra-High F” and "Super-High F.^' The entire "Broad- 
casting Range (550 to 1700 kc) for most home entertainment is 
at D in the "Medium Frequency’’ division; here dozens of sepa- 
rate programs are sent at the same time, one of which is selected 
by turning a dial (to tune the receiver to the frequency of the 
station desired). "Shortwave” broadcasts occur in the HF and 
VHF divisions; future broadcasting of radio and television will 
make greater use of these divisions. War activity makes great 
use of the VHF and SHF divisions,* which were almost unused 
10 years ago. 

Since a radio program consists of sound, the information or 
signal broadcast through space must include sound frequencies. 
Such sound (at less than 6000 cps) is carried along on a radio 
wave that vibrates at least 100 times as fast. The radio wave is 
merely the carrier; by itself, it produces no sound at the radio 
receiver, for its radio frequency (rf) is far above the human-ear 
range. However, the program is carried by changing the shape 
of the rf waves at a slower rate [called the audiofrequency (af), 50 
to 6000 times per second]; this "slow,” or af, change operates the 
receiver speaker — the rf wave merely carries the af signal there. 

When the audio signal is loaded onto the rf carrier wave, we 
say that the carrier is modulated by the signal; the radio oscil- 
lators may be controlled in different ways to produce this modula- 
tion. If the sound signal affects the rf wave so as to change the 
size or strength of this carrier wave (but does not change the 
radio frequency), this is the standard method used for many years 
and is called amplitude modulation (AM). However, if the size 
of rf wave is kept unchanged, but the sound signal makes the fre- 
quency of the rf wave change so as to carry the program, this is 
called frequency modulation (FM). Using FM requires not only a 
different form of transmitter circuit (still using oscillators) but it 
also requires different receiver circuits. Future FM broadcasts 
will use frequencies in the VHF division; many more program 

* These centimeter waves, like light waves, can be focused into narrow 
beams; in contrast, radio waves near the broadcasting range spread in all 
directions, so that their direction is not easily controlled. Notice how the 
shortest radio waves are closer (in the spectrum) to light waves; they behave 
quite like beams of light, traveling in straight Jines and permitting radio 
shadows.” 
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channels (each 6000 to 200,000 cycles wide) can be used here than 
in the present crowded broadcasting range. 

19-7. Induction or Dielectric Heating. — ^Frequencies in these 
same ranges (as used by soimd, supersonics and radio) are used 
also in the industrial field of electrical heating. (This does not 
apply to resistance-type electric furnaces.) Even at 60 cycles, 
the iron of a motor or a transformer is heated by the small cur- 
rents flowing in the iron, caused by the frequent reversal of the 
current. 

At 360 or 960 cycles, this “hi-cycle^^ a.c. causes greater heating 
in iron or other magnetic materials. Metal parts of automobile 
bodies are painted and then passed through an ^^oven,^' which 
has an open coil (6 ft across, perhaps 15 ft long) through which 
the a.c. flows. As the metal parts enter this 360-cycle coil, heat 
is quickly produced inside the metal, thereby drying the paint from 
the inside out. Meanwhile, the air in the ‘^oven” is not much 
warmer than outside; the metal ‘^sings^^ with a 720-cycle note. 

Many plants use motor-generator sets to produce a.c. at 3000 
cycles, which is fed to small induction furnaces. Here blocks of 
metal (sometimes copper or brass, 3 inches across by 10 inches 
long) are made red hot in only 30 or 40 seconds. This heat is 
produced inside the metal block because of the high-frequency 
currents produced or induced in the block by the near-by a-c 
windings of the oven. Notice that the a-c winding does not need 
to touch the metal block, but merely to be around it. This kind 
of heating is caused by the high-frequency current, no matter how 
this a.c. is made. Above 15,000 cycles (which is about the upper 
limit for motor-generator sets) higher frequencies are produced by 
electric spark-gap equipment, to perhaps 200,000 cycles. This 
frequency is far inside the radio range shown in Fig. 19A, yet no 
electron tubes need be used so far for this induction heating of 
metals. The high-trequency current is used inside the furnace, 
which is shielded so that it cannot cause radio waves to pass into 
space. 

However, further heating comes from using frequencies much 
higher than 15,000 or 200,000 cycles. Chapter 20 describes an 
oscillator circuit used in an electronic heater, to furnish a.c. at 
530 kc. This high-frequency current passes through a heavy 
wire around the piece of metal to be heated; it induces similar 
currents inside the metal piece, quickly heating it. Frequencies 
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up to 2 or 3 megacycles are used for such metal heating; the 
higher frequencies cause special results, so that only certain edges 
of the pieces are heated. All these heating results are caused by 
the high-frequency a.c. Electronics merely provides a better 
way of getting this needed power supply. 

At still higher frequencies (5 to 50 megacycles) electronic, 
oscillators are used to heat materials that are not metal. 
This heat is caused by a different a(‘tion inside the material, so 
this is called dielectric heating. However, the electronic circuit 
is still an oscillator designed to furnish this very-high-frequency 
power supply. 

A similar oscillat.or (called an I nductotherm) ])roduces VHF 
waves for heating the human body; it produ(*es artificial fever, 
when desired for medical treatment-, ''fhe heat is produced insider 
the blood vessels, when VHF electricity flows in wires several 
inches away from the body. 

19-8. Light and Color. — Near the center of Fig. 19^4 is th(‘ 
band of fnHiuencies that can be seen l)y the human eye; this 
visible radiation is called light. The froquem^y of light is a 
thousand times greater than the highest radio frequency now 
used; a light wave is shorter than one-millionth of a meter, so 
there are about 50,000 light waves to the inch. 

Each color of light has a different wavelength, or frequency; 
in Fig. 19A, notice that red has a lower frequency than violet, 
or that violet has a shorter wavelength than red. The colors of 
the rainbow (red, orange, yellow, green, blue, violet) are named in 
(jrder as the wavelength decreases. 

When charts are used to show colors (or heat) by wavelength, 
often the wavelength increases from left to right; the example 
in Fig. 19B shows rod toward the right, violet toward the left. 
(Later Fig. 19B will be used to help choose a phototube for use 
with colors.) Now let us see what kind of wavelength is shown 
at the bottom of the chart; notice the figure 4000, above violet, 
and 7000, near red. These numbers are angstrom units, shown 
as 7000 A, or 7000 AU. 

At H in Fig. 19A, a line is marked 10“^° M. = 1 angstrom*. This 

* In the fi^re 10“^”, the shows the number of zeros in the whole num- 
ber, but tlie means that these zeros are below the line in a fraction. 
So, lO-^Ms the same as 1/10,000,000,000. Similarly, 3 X 10~« « 3/1,000,000 
or three millioutlr ' 
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shows that 1 AU is a ten-billionth of a meter; 10,000 AU is 10“® M 
or a millionth of a meter. Another name for a millionth of ameter 
is a micron (/x), as shown at G (near the visible range of Fig. 19A). 
Wavelengths of light may be given in angstrom units, or in 
millimicrons. In Fig. 19J5, the vertical line marked 4000 AU 
(violet) is also marked 400 millimicrons.* 

In Fig. 19B we see that a violet-colored light may have wave- 
lengths between 3800 and 4300 AU; a green-light wavelength is 
longer, or between 4900 and 5600 AU. Notice the curve marked 
Human eye response'’; the shape of this curve shows that a 



2000AU 3000AU 4000AU 5000AU 6000AU 7000AU 8000AU 

|VioIe+| Blue I Green |Yel | Or. | Red | 

200mm 300mm. 400mm 500mm 600mm 700mm. 800mm. 

FuJ. Phototube and eye re^lx>use to eohn* wavolcngth.s. 


human eye usually responds best to a gi-et'ii or a yellow light. If 
a blue light, a yellow light and a red light are adjusted so that 
each sends the same amount (radiant energy) of light over the 
same distance to the eye, the yellow light looks much brighter 
than the other two. Also, just as there are ‘‘sounds" of too-high 
fre(iuency to be heard by the human ear, so there are “colors" of 
too-high or too-low wavelength to be seen by the human eye. 
The average eye cannot see or respond to wavelengths below 4000 
AU or above 7000 AU (therefore, the 'Sdsible range" is also 400 to 
700 millimicrons). As supersonic vibrations can be heard by a 

* Since a millimicron is the nume for * looo luicron, 400 millimicrons =* 0,4 
micron » 4000 AU. 
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dog or a bat, color wavelengths beyond the human-eye range can 
be ‘‘seen” by some kinds of “electric eye,” or phototube. When 
a person is colorblind, he may not be able to see a red color; to him 
there is no light of this color for it looks black. Notice that his 
eye fails to respond to a wavelength of 6500 AU, in the same way 
that most eyes cannot respond to 7500 or 8000 AU. 

When light rays of all wavelengths between 4000 and 7500 AU 
are mixed together in the right amounts, the result is white light. 
Outdoor daylight is called white light because it usually contains 
all the colors; near sunset this may not be true. 

19-9. Infrared, or Heat, Rays. — ^Years ago when men learned 
that heat rays were like light rays, except that they were longer 
in wavelength, they did not know about X rays, or other rays 
shown near the right-hand end of Fig. 19A. To them, the low 
frequencies of sound were well known; from this starting point, 
light rays seemed far out in the spectrum. When the rays pro- 
duced by a hot (but not red-hot or white-hot) metal were found to 
have wavelengths longer than the visible red rays, so that their 
place in the spectrum was between those of light and sound, it was 
natural that these heat rays should be called infrared rays (mean- 
ing “inside” or “nearer than” the red rays). Similarly, when 
they found other rays shorter than the visible violet rays, which 
therefore were placed beyond the violet on the spectrum, these 
new rays were called ultraviolet (meaning “beyond” or “farther 
than” the violet rays). These two names are still used. 

Anything that is hot enough to be seen in a dark room, is giving 
out rays of visible light; at the same time, it is also giving out 
much greater amounts of heat rays, which cannot be seen but 
which can be felt and measured; these invisible rays are infrared 
rays and have wavelengths from 7500 AU to 100,000 AU and 
higher. To show infrared or heat wavelengths, a chart may use 
microns instead of angstroms, as in Fig. 19C. This chart shows 
how an object (such as a piece of metal, black when cold) produces 
more rays of shorter wavelength as its temperature rises. The 
lowest curve of Fig. 19C, showing the radiation produced when 
the metal or “black body” has a temperature of 1000 degrees K,* 

The temperature in degrees Kelvin is equal to degrees Centigrade -f 273°. 
The zero of the Kelvin scale is at absolute zero, or — 273°C. Temperatures 
like 2000 K or 4000 K are used when speaking of objects that are so hot 
that they produce visible light; the color of that light is called the color 
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has its peak or highest value at a wavelength of 3 microns. When 
the temperature rises to 1500 K, there is much greater total radia- 
tion (shown by the area or space under the curve), and the peak 
is now at 2 microns. 

Notice how the 1000-K curve reaches to the left, into the region 
of visible rays; the curve is above the zero line in the red and 
yellow portion, but not beyond. This shows why a piece of metal 
at this temperature has an orange color. (At 800 K, the curve 
barely reaches the red region, and the color temperature is a dull 



Fio. 19C.- Radiation from an object at high temperatures. 


red.) Although some of its radiation can be seen, nearly all its 
rays are infrared and at wavelengths greater than 1 micron. 
Even at 2500 K, where the curve is above zero all through the 
visible range, these visible rays are yet a small part of the total 
radiant energy. Such a temperature (2500 K) is above the melt- 
ing point of most metals; the tungsten filament enclosed in an 
electric-lamp bulb may operate at this temperature, giving a 
yellow-white light. If objects can be heated to 3000 K or 4000 
K, they produce bright white light; this 4000-K curve in Fig. 19C 
includes plenty of rays at all visible wavelengths, which combine 
to make white light. To produce light that matches the color of 

temperature. The tungsten filament of an electric lamp works at 2500 K 
to 2800 K. 

Also, 1000 K = 1340°F; 2000 K * 3140‘^F; 3000 K « 4940'*F. A rise 
of 10 degrees K is a rise of 18®F. 




ELECTRONICS IN INDUSTRY 


274 


[Chap. 19 


sunlight or blue sky, an object would have to be heated to 6000 
or 7000 K. 

19-10. Ultraviolet Rays. — Of those wavelengths close beyond 
the visible violet, the most useful region is between 2000 and 
4000 AU, showm in Fig. 19B. The sunlight we receive outdoors 
includes wavelengths to 2800 AU, as ^^ell as the visible and 
infrared regions. (However, most of this ultraviolet sunlight 
cannot pass through A\indow glass.) The invisible wavelengths 
near 2900 AU cause the burning and tanning of the skin, whether 
this light comes from the sun or from a lamp. 

Most of the lamps that produce large amounts of ultraviolet 
rays are electronic; electrons flowing through mercury vapor pro- 
duces such rays. When the outside of the lamp is made of 
special glass or (piartz, these rays may pass through into the out- 
side air. Some of these mercury’' lamps give out rays close to 
2500 AU, which can kill germs These germicidal lamps are 
electronic; electrons must stieam through the mercury vapor to 
produce these rays. The human body can safely be exposed to 
such rays only under a doctor^s care 

Fluorescent lamps are electronic; streams of electrons pass 
from one end of the lamp to the other end,*%through mercury 
vapor. This action produces ultraviolet rays (at 2857 AU), 
which cannot be seen and which cannot pass through the glass 
wall of the tube. However, when these invisil)le rays strike 
against special materials painted on the inside of the tube wall, 
the materials fluoresce; that is, they glow brightly and give large 
amounts of visible light; this light passes easily through the glass 
walls, to be used outside. Notice that th(‘ ultraviolet energy 
changes into energy of longer wavelength, which is visible 
When different materials are painted on the inside of the tube, 
different colors of light are produced, using the same supj^ly of 
ultra violet rays. 

19-11. Color Response of Phototubes.— The human eye 
receives a different color sensation from green light than it 
receives from red light. Howev(‘r, lights of different (*olors 
reaching a phototube make its cathode produce different amounts 
of electrons. The phototube current is a measure of the total 

* Since both ends of the fluorescent tube are heated th(‘ same amount, 
electrons may flow both ways through a tube operated on a-e supply; such 
tubes do not rectify. 
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light it receives, of all colors; the phototube does not foinn an 
image such as the human eye forms. If a fly crawls up a white 
wall within view of the phototube, the phototube cannot 'Heir^ 
that the fly is there unless the fly occupies perhaps one-twentieth 
of the total space viewed by the phototube. The dark fly then 
causes a decrease in phototube current; this current does not 
change as the fly moves about within the space viewed. 

The ability to sort or detect different colors depends on the 
kind of phototube used, regardless of the circuit in which it works. 
From the light-sensitive metal surface of the phototube cathode, 
more electrons are driven by one color of light than by some 
other color of light. In Fig. 19B, the curve P shows the amount 
of current produced by various colors of light reaching one kind 
of phototube (GL868/PJ-23, general-purpose, gas-filled type). 
This phototube responds to ail colors of visible light and to many 
invisible rays. Its large response between 7000 and 10,000 AU 
lets it work well with hot-filament lamps (like auto headlights) 
or with daylight. These infrared rays may be invisible to the 
human eye, yet they are easily changed into a useful signal by 
this phototube. 

This tube (curve P, Fig. 19P) has similar response to either 
violet light or green light; it cannot sort or distinguish between 
these two colors. However, if we place in front of the phototube 
a light filter or colored glass that passes green light but does not 
pass violet light, then this combination of light filter and photo- 
tube passes more current in response to a green light than to a 
violet light; a green box may energize the relay, while a violet 
))ox does not. Of course, when a different kind of phototube is 
used (such as curve Q in Fig. 19P), the phototube itself passes 
more current responding to violet light than to green light; here a 
(*olor filter may not be needed. 

Using curve P, can this phototube alone sort a red box from 
a white box, in daylight? This curve is high in the red region 
(above 6000 AU) ; also, the large area under the curve through 
all the colors (4000 to 7000 AU which combine to make white 
light) shows that this phototube has large response to white light. 
This phototube may pass about the same current for either a red 
box or a white box. However, if a colored-glass filter prevents red 
and infrared rays from reaching the phototube (while letting other 
colors pass through), the phototube receives a large amount of 
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light from a white box, but very little from the red box, 80 now it 
can select between them. Notice also that another phototube 
(curve R in Fig. 19B) by itself responds well to white and colors 
between 4000 and 6000 AU, but cannot '^see'^ red. 

19-12. X Rays and Gamma Rays. — Near the right-hand end of 
Fig. 19 A, gamma rays are shown having wavelengths less than 1 
AU. These rays come from radium,* the rare metal discovered 
by the Curies. We know that these rays can pass through 

the human body and are used in medi- 
cal treatment. Even tiny pieces of 
radium are so powerful that they are 
dangerous; their cost is high. 

Since radium was discovered, it has 
been found that similar rays are pro- 
duced by high-vacuum tubes that 
operate at very high voltages. These 
ra 3 ^s are not so short as gamma rays; 
they would appear in Fig. 19A at wave- 
lengths between 100 and 10 AU (between 
the ultraviolet and gamma ra^^s). 
Special electron tubes are made to pro- 
duce these X rays; as shown in Fig. 
19Z), such a tube has a hot-filament 
cathode and an anode made of very 
heavy metal. Electrons flow from the 
cathode to the anode as in any diode 
tube. However, a large d-c voltage is 
used between cathode and anode of the 
X-ray tube; the anode is so positive that the electrons rush to 
it at very high speed. The electrons strike the metal anode with 
such speed that new rays are made; from the slanting surface of 
the anode these X rays seem to bounce sideways and out through 
the wall of the tube. As the d-c voltage (anode-to-cathode of the 
X-ray tube) is increased, the wavelength of the X rays decreases. 
Some tubes now operate at more than a million volts; the X ra^^s 
produced have wavelengths less than 1 AU, and give results equal 
to the gamma rays from radium. 

* Radium continually gives off three kinds of rays, named alpha, beta 
and gamma (the A, B and C of the Greek alphabet); of these, only the 
C rays (gamma rays) are electromagnets. 



Heater 

voltage 

Fig. 19D. — Working parts 
of an X-ray tube. 
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Such high-voltage X rays serve industry by helping to photo- 
graph thick metal objects; the very short wavelength of these 
rays also lets them pass between the tiny crystal particles of 
various metals, making a diffraction picture, which helps to 
analyze the conditions inside the metal. 

The cosmic rays (shorter than gamma or X rays) play no part 
in industrial electronics; they seem to come from space outside 
the earth. Cosmic rays merely complete the chart of known 
electromagnetic radiations. 

Questions 

1. Which of these can be seen by the average human eye? 

(a) 1 angstrom (6) cycles 

(c) One billion megacycles {d) 500 millimicrons 
(€) 2500 K (/) 2857 AU 

ig) 600 microns {h) 8000 AU 

{i) Half of a millionth of a meter. 

Tnie or false? Explain why, 

2. All ultraviolet rays kill germs. 

3. A fluorescent lamp at 3500 K feels warmer than a tungsten lamp at 
2800 K. 

4. Frequencies of 400, 600 and 800 cps may be carried on one radio 
frequency at the same time. 

6. Rays of 1 M or 1 AU wavelength pass through glass more easily 
than rays of 1000 AU. 

6. A phototube that ‘‘sees^’ very short wavelengths can operate a relay 
faster than a phototube that ^‘sees^’ only longer wavelengths. 

7. All waves at 25 kc are supersonic. 

8 . A beam of light may be modulated at sound frequency. 

9. Phototube R (Fig. 19R) is well suited to respond to the light of a 
hot-filament lamp. 

10. Blinking light signals from ship to ship use modulated light beams. 

11. If the filament of an X-ray tube is made hotter, the X rays have 
shorter wavelength. 

12. A lamp used for infrared heating has a hotter filament than a lamp 
for lighting. 

13. All oscillations at 1000 cps are sound vibrations. 



CHAPTER 20 


INVERTERS, OSCILLATORS AND 
THE ELECTRONIC HEATER 

Inverters and oscillators produce a.c., or alternating voltages, 
usually from a d-c supply; this action is the reverse of the action 
of a rectifier. Units that change a.c. into d.c. are called con- 
verters or rectifiers; all units that change d.c. into a.c. are inverters. 
In electronics, the name ‘^inverter’’ means a unit that uses vapor- 
filled tubes; therefore, it may produce large voltage signals or 
alternating-current output at low frequency (such as 00 or 1000 
cycles) ; an oscillator uses high-vacuum tubes, so it may produce 
a.c. at higher frequency. 

Dozens of oscillator circuits are described in textbooks. Here 
we discuss a few basic circuits, to see how an inverter and an 
oscillator work; their use in industry is of interest. 

20-1. A Single-tube Inverter. — ^Thyratron tubes like those 
studied in earlier chapters may be used in inverters.* Since 
these vapor-filled tubes here receive power from a d-c; supply, 
inverter circuits must use special methods to ^Hurn off^' these 
tubes, for the tube grids cannot do so. 

An inverter using only one tube is shown in Fig. 20 A. When 
switch aS is closed, this circuit receives d-c ]>ower;t it produces a 
c;hanging output voltage having a waveshape shown between 
points 7 and 4. (Such voltage changes are used to fire anc^ther 
thyratron in one type of seam-welder control.) Before closes, 
notice that capacitor 1C has no charge (for it drains through 17f, 
2/?, 37? and 47?). When S closes, the tube-1 grid stays at a low 
potential on the voltage divider (17? and 27?); for an instant the 
cathode 4 is at the same potential as point 7 (since there is no 
voltage across C). Electrons now charge capacitor C, flowing 
from 2 through 37? and 47?, so that the voltage across C increases. 

* Thyratrons with shorter deionization iime’^-’* let the inverter work at 
higher output frequency. 

t The tube filament is heated by d.c. (using a series resistance) or from 
some a-c supply. 
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This lowers the potential of cathode 4 so that, at point A in Fig. 
20B, it nearly reaches the grid potential, so tube 1 fires. The 
electron flow that had been charging C now passes through tube 
1 and inductance T; capacitor C discharges, forcing a large 
electron flow from 4 through tube 1 and T to point 7. This tube- 
J current increases slowly (at B in Fig. 20S) because the induct- 
ance T prevents a sudden change of current. The entire C 
voltage (except for 15 volts^ arc drop across tube 1) is making the 
current in T increase and is storing energy in T. At D the capa(i- 
tor has discharged. However, the current in T must continue to 
flow; the energy stored in T produces whatever voltage is needed 
to drive the tube-1 anode positive at E, to let electrons continue 



to flow from point 7 into C, tlien cathode to anode of tube 1, 
to ])oint 3. This flow charges C until all the T energy has been 
used; the tube-1 anode current stops, leaving C charged to the 
voltage F. The anode potential instantly returns to point 7, 
while cathode 4 is still at G. Electrons again flow from 2 through 
3/f and to charge C.* 

As long as cathode 4 is more positive than anode 3 and point 7, 
the d-c input voltage cannot force current through tube 1. In 
the short time H (Fig. 205) before cathode 4 again be<^omes more 
than 15 volts below (more negative than) anode 3, all the gas 
parti(;les in the tube must have lost their charges (deionizing the 
gas), or tube 1 again passes current. f If H is longer than the 

* This electron flow first removes that charge in C that kept 4 more 
positive than 7; fxirther flow then charges C so that 7 becomes more positive 
than 4. 

t Inductance T makes it possible to turn off tube 1. If this inductance 
is not used, there is no stored energy which can reverse the capacitor voltage 
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deionization time^*'^* of the tube, the grid regains control; tube 
1 is not fired again until C has received enough charge so that 
cathode 4 again approaches grid-5 potential, at I. 



Fia. 20B. — Waveshapes in inverter circuit of Fig. 20 A. 




Fig. 20C.~- Changes of inverter frequency. 


Figure 205 shows many things happening during the short 
time J while tube 1 passes current. Keeping J constant, the 
over-all length of each wave of output voltage may be changed 
by turning either 2R or 372 in Fig. 20 A. Leaving 272 set so that 
slider 6 is near to point 2, the upper parts of Fig. 20C show the 

to make cathode 4 become more positive than anode 3; tube 1 cannot be 
turned off long enough to let its grid regain control. 
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output wave (a) when ZR is turned clockwise so most of its 
resistance is in circuit, thereby decreasing the rate at which 
capacitor C charges, and (6) when ZR has less resistance, so C 
charges faster and fires tube 1 sooner. For these two positions of 
ZRy parts (c) and (d) of Fig. 20C show how tube 1 is fired sooner 
when 2R is turned clockwise, raising the grid potential. In (d) 
tube 1 fires many more times per second and the output wave* 
has higher frequency. 

Because of the waveshape, the single-tube inverter may be 
used as a saw-tooth oscillator. In the oscillograph circuit of 
Fig. 27F, thyratron tube 5 acts as such an inverter. 

20-2. A Two-tube Inverter. — ^While two tubes may be con- 
nected in many ways to operate as an inverter, Fig. 202) shows 
a parallel-inverter circuit (so named because the direct current 
divides; the current through one tube never passes through the 
other tube also). This is a separately excited inverter, for an 
a-c signal voltage must be appliedf to the grids of tubes 1 and 2 to 
control the time at which each tube fires. 

Figure 202) looks like a rectifier circuit, t However, while 
the anode transformer 2T and the tubes are connected as in a 
rectifier, there is no a-c voltage at terminals 3 and 4 unless tubes 
1 and 2 make it appear there by inverter action. This can be 
done if we can make tubes 1 and 2 fire in turn. From the d-c 
input, electrons flow from point 2 through tube 1 and pass left 
to right to the midtap 7 of transformer 27"; if this flow then stops, 
and electrons pass instead through tube 2 and right to left through 
2T to reach the midtap, we see that this flow in 27" changes 
direction. These changes and reversals of current in 27", caused 
by alternate firing of tubes 1 and 2, produce an alternating volt- 
age in the 27" secondary winding, appearing at terminals 3 and 4. 

* Instead of using this output wave (between points 7 and 4), a trans- 
former may be used in place of T; the output voltage is then taken from 
the secondary winding of this transformer, and is caused by the changes 
in primary current shown in Fig. 20^. 

t A building may have a large d-c power supply but only a small amount 
of a.c.; this a.c. can supply a signal to the tubes so that the inverter pro- 
duces alternating voltage. This output voltage will not have sine wave- 
shape except under special conditions. 

t Notice that the tube cathodes connect to the ( — ) side of the d-c input, 
while the cathodes of a rectifier connect to the (4-) side of the d-c load. 
Often a rectifier circuit will invert (pump back into the a-c supply) if the 
terminals of a d-c motor load are reversed. 
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But recall that, when a vapor-filled tube is passing current 
from a d-c supply, its grid cannot regain control to shut it off 
unless another device is added, such as capacitor C in Fig. 20i). 
Without C, tubes 1 and 2 both may pass direct current at the 
same time, after the first turn-on signal at their grids; such anode 
currents, flowing steadily through 2T, produce no voltage at 
terminals 3 and 4. 

Suppose that the tubes have been heated (perhaps from the 
same a-c supply that provides the grid-signal voltage). When 
S closes, neither tube fires until its a-c grid voltage becomes posi- 
tive. Since grid transformer ZT drives one grid negative while 
the other grid is becoming positive, only one tube fires, say, tube 



Fig. 20J). — Two-tiibc inverter, separately exelted. 

1. As electrons flow from 2 through tube 1 and 27’, the voltage 
across tube 1 drops to 15 volts, and voltage 5-to-7 increases; this 
changing voltage across one half of 2T primary makes a similar 
voltage appear in the other half 7-to-6, so that point 0 becomes 
much more positive than 5. Capacitor C is charged by this 
6-to-5 voltage. 

During the next half cycle of the signal voltage, the a-c grid 
voltage reverses and fires tube 2; at the same time tube-1 grid 
becomes negative, but this cannot turn off tube 1. lilectrons now 
flow from 2 through tube 2 and 6-to-7 of 27". The voltage across 
tube 2 also drops to 15 volts, causing the potential at point 6 to 
drop a large amount. However, when the G side of capacitor C 
drops in potential, the 5 side must also drop (since voltage across 
C cannot change instantly). Since point 6 is already only 15 
volts more positive than point 2, capacitor C forces point 5 (anode 
of tube 1) far below (more negative than) cathode 2, so anode 
current stops in tube 1. Capacitor C now changes its charge; 
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electrons flow from 2, through tube 2 and into C, By the time 
that anode 5 again rises 15 volts above cathode 2, the tube-1 grid 
has regained control so that it prevents tube 1 from firing. Point 
5 now rises to its most positive potential, while 6 remains within 
15 volts of point 2. C/apacitor C becomes charged to this voltage 
difference: (+) at 5, ( — ) at 6. 

When the a-c grid- voltage signal again fires tube 1, point 5 
again drops close to point 2; the charge on C now drives the tube-2 
anode more negative than its cathode 2, so that the tube-2 cur- 
rent stops. C acts as a commutaling capacitor, to turn off one 
tube when the other tube fires. 



20-3. A Self -excited Inverter. — ^While the circuit of Fig. 2i)D 
needs an a-c signal voltage to fire the tubes at the desired fri‘- 
quency, Fig. 20E shows a parallel type of inverter which can 
control the frequency of its output voltage. Instead of produc- 
ing an a-c output from a transformer, this circuit uses the changes 
of potential at point 4, to control other thyratrons in a seam- 
Nvelder panel. * When tube 2 is firing, point 4 is at low potential 
and prevents the welder tubes from firing; when tube 2 is not 
firing, point 4 is at high potential and lets the welder tubes fire. 

While the starting contact S is open (above tube 1 in Fig. 20JS'), 
point 3 is at the same potential as point 1. The tube-2 grid (at 
* Parts of this invertor eircuit are not shown, such as peaking trans- 
formers that fire tubes 1 and 2 in step with the a-c welder voltage. The 
complete circuit is shown in the footnote reference, p. 118. 
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point 6) is positive. (Without tube 3, point 6 would be at some 
potential between points 1 and 2, depending on the resistances of 
3Jf2 and 67? as a voltage divider; tube 3 acts as a switch that pre- 
vents points 5 and 6 from rising much above point 2.) Tube 2 
is firing, so point 4 is only 15 volts more positive than point 2. 
Capacitor 2C (like C in Fig. 20Z)) has a large voltage charge — 
(+) at 3, ( — ) at 4. Capacitor 3C also has large voltage — ( + ) 
at 3, ( — ) at 6. But 4C has almost no charge (for points 4 and 5 
are both about 15 volts above point 2). 


S closes. 



Fig. 20F. — Waveshapes in inverter circuit of Fig. 2QE. 


Closing the starting switch fires tube 1. As the point-3 
potential drops, capacitor 2C drives anode 4 negative, stopping 
the tube-2 current as in Sec. 20-2. At the same time, capacitor 
3C drives grid 6 negative, to point D in Fig. 20F; when 6 drops 
below 2 (at B), current stops in this half of tube 3. As long as 
6 is negative, tube 2 does not fire again. Capacitor 2C recharges 
quickly until 4 is much more positive than 3; capacitor 4C also 
charges to about this same voltage. However, grid 6 rises more 
slowly, as capacitor 3C loses its charge through resistor 372. At 
Ej grid 6 reaches cathode 2, firing tube 2 again. This time, as 
the potential of point 4 drops, capacitor 2C forces anode 3 nega- 
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tive, stopping the current flow in tube 1. Also, capacitor 4C 
forces grid 5 very negative, at F; 4C must discharge through 
resistor 4/2 to let grid 5 rise high enough to fire tube 1 agaiil, at 
G, By turning 4/2 (clockwise, decreasing its resistance), capaci- 
tor 4C discharges more quickly, to fire tube 1 sooner and shorten 
the welder “cool time/' Likewise, 3/2 is turned clockwise to 
shorten the “heat time. " If one or both of these times is short- 
ened, the inverter operates more often, at increased output 
frequency. 

A circuit similar to Fig. 2QE is used in Fig. 27F, but the thyra- 
trons are replaced by two high-vacuum triodes in tube 2. Such 
a circuit is sometimes described as a “multivibrator." 

20-4. Oscillators. — High-vacuum amplifier tubes like those 
studied in earlier chapters may also be used in oscillator circuits. 
Some types of radio receiver include an oscillator. An oscillator 
circuit is self-contained; taking power from d-c or low-frequency 
a-c supply, the oscillator produces a-c output at a higher fre- 
quency, which depends on the sizes of capacitors and inductances 
used in the oscillator circuit. However, if something outside the 
oscillator causes a change in the oscillator-circuit capacity or 
inductance (as when a metal vane passes between the coils in an 
oscillator circuit), the output fiequency of the oscillator changes 
— the oscillator may stop working. 

In industry", oscillators have two main uses. First, an oscilla- 
tor may be an off-on device; a very tiny outside signal or changed 
condition may stop the oscillator action and thereby operate a 
relay or a visible signal. In this case, the frequency of the oscilla- 
tor is not important as long as it is easily stopped by the outside 
signal. 

In the second use, the oscillator supplies its high-frequency 
output to produce action that cannot happen at lower frequencies. 
The radio oscillator produces high-frequency waves that travel 
through space carrying news or music. The “fever-machine" 
oscillator makes waves of the right frequency to produce heat in 
the blood of a person.^ As an example of an oscillator used in 
this way, let us study the circuit of an electronic heater used for 
the rapid heating of metals in industry. 

20-5. The Electronic Heater. — As is mentioned in Sec. 19-7, 
metal parts are quickly heated when they are near a cable carry- 
ing electricity at high frequency, The electronic heater shown 
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in Fig. 20Gr is a vacuum-tube oscillator that produces large power 
output (such as 5, 15 or 50 kw) at about 530,000 cycles per second, 
for''heating metal parts in this way. It operates from the 60- 
cycle power supply. 

The high-frequency power output of the electronic-heater 
cabinet is fed by a pair of external leads to a load coil of several 
turns, fitted closely around the piece to be heated. The turns of 
this coil act as the primary of a transformer, while the workpiece 
of metal is the secondary of this transformer. Current from the 



electronic heater circuit, flowing through the turns of the load 
coil, causes a coi responding current to circulate within the w'ork 
metal and produce heat inside the metal. Because of the high 
frequency, this current tends to flow" mostly in the outside portions 
of the metal (because of ‘'skin effect”), putting heat at desired 
spots. 

Starting with the 60-cycle input, the electric power is first 
changed into a foim of direct current before it is finally converted 
into high-frequency alternating current. '^I'hew^ succcHsive steps 
are shown in Fig. 20//, which also indicates the point in the cii- 
cuit where these various waveshapes are likely to appear, 
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A simplified circuit diagram of the electromc heater appears in 
Fig. 20/. Here the 60-cycle power enters through transformer 
ITy which supplies about 2500 volts at AA. (This voltage may 
be reduced in several steps by a tapped autotransformer, not 
shown.) This a-c supply is rectified by tubes 5, 6, 7 and 8, as is 
shown later, so that the voltage at BB is always in one direction, 
although still pulsating 120 times per second. At CC the oscilla- 
tor tube 1 adds its high-frequency effect, producing a fluctuation, 
or ripple, in the BB voltage. 

Notice that tube 1 oscillates so rapidly that it converts each of 
the BB waves into more than 4500 ripples, or alternations. The 
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resulting output BD is a voltage having 530,000 complete alterna- 
tions each second. We may disregard the 120-cycle change of 
this voltage. Later, while we learn how the oscillator tube 1 
works, we will assume that the voltage BB is held constant at its 
average value of about 2250 volts; the resulting high-frequency 
voltage DD will therefore be constant in height. 

Tube 1 is the only oscillator tube shown in Fig. 207. Four 
such tubes are included in the 5 kw (output) rating of the 
electronic heater; the 15-kw unit uses two tubes of greater rating. 
Such tubes are connected in parallel and operate as a group; 
therefore, we may select only one tube to represent this group in 
the simplified circuit. 

The portion at the right in Fig. 20/ is known as the ^‘tank cir- 
cuit^’; it includes those e^ipacitors (6(7 and 7C) and inductances 
(4L and the work coil) which control the output frequency of the 
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oscillator tube. As is shown later, a large alternating current 
circulates within this tank circuit at 530,000 cycles per second, and 
is quite separate from the current flowing in the oscillator and 
rectifier tubes. 

20-6. The Four-tube Rectifier. — In Fig. 207, tubes 5, 6, 7 and 8 
form a rectifier of the full-wave bridge type, operating from a 
single phase of the 60-cycle power supply. Each of these tubes 
is a vapor-filled half-wave rectifier; it has no grid to control or 
limit the current flow. It is a heated tube, requiring that its 


Rectifier *• -• Oscillator v -<--T«nk circuit — ► 



filament be heated at least 5 min before attempting to pass anode 
current; any time thereafter these rectifier tubes supply current to 
the oscillator load as soon as the off-on” contactor closes. 

This rectifier circuit is like that of Fig. 10/ and Sec. 10-8 
(using disk rectifiers). When point 1 is positive, electrons flow 
from point 2 through tube 8 to point 4, through the ammeter to 
the oscillator circuit; electrons return through IL to point 3, 
through tube 6 to point 1. (Notice that tubes 8 and 5 operate 
in series; only half of the high voltage A A is across each tube.) 
Similarly, when point 2 is positive, electrons flow from point 1 
through tube 7 to point 4 and to the oscillator, then return through 
IL to 3 through tube 6 to point 2. In either case, electrons flow 
from 4 toward 3 in the load or oscillator circuit; the voltage BB is 
pulsating but is always in the same direction. 
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Fig. 20J. — Vacuum tube serving 
as a 60-cycle amplifier. 


20-7. First an Amplifier. — To lead up to the oscillator, let us 
first review how a high-vacuum tube, like oscillator tube 1, will 
respond to the potential at its grid; its anode current increases 
gradually as its grid potential becomes more positive. 

If such a tube is connected as in Fig. 20/, the amount of 
diiect current flowing in the tube and the primary of transformer 
T will depend upon the voltage V 
applied between the grid and the 
cathode. The operation of such a 
tube is shown in Fig. 20X; here 
we see that, with 2000 volts d.c. 
applied, about one ampere flows if 
the grid voltage is zero (as if the 
grid were connected to the cath- 
ode). If the grid is made 100 
volts more positive than the 
cathode, the tube permits 2 amperes to flow. However, when 
the grid is made more negative than the cathode, the tube current 
decreases; a grid voltage of —100 volte can prevent all current 
flow. 

At V in Fig. 20/, suppose that we apply 110 volte, 60 cycles, as 
from a wall outlet. The grid of the vacuum tube now changes 

from positive to negative to 
positive 60 times each second; 
as shown in Fig. 20L, this causes 
a similar change in the tube 
current. By using the tube in 
this way, we convert a con- 
stant direct-current supply into 
almost a sine wave of current 
flow at 60 cycles. When this 
changing current flows through 
the primary winding of trans- 
former T (in Fig. 20/) we find 
that the secondary of T can supply power to a 60-cycle a-c load of, 
say , 10 amperes at 1 10 volts. Here we see the tube working as an 
amplifier; we apply a tiny current at 110 volts to its grid, and the 
tube produces a useful output of 10 amperes at 110 volts, 60 cycles. 
So why not ask this question: Since the grid input and the load 
output are both at 110 volts, 60 cycles, why not use part of the 



Fig. 20K . — Curves of giid potential 
versus anode ouirent. 
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output to feed back to the grid, so that the wall plug is no longer 
required? In Fig. 20ilf , why not throw the switch fiom the lower 
to the upper position? If this is successful, the tube will be work- 
ing as a 60-cycle oscillator, supplying its own grid voltage; no 
external grid signal is used 



Fig. 20L . — Alteinating grid cnuso^ wtues of anode euiront. 


20-8. A Simple Oscillator.— Such a trial will not be successful 
until we add a capacitoi (C in Fig. 2{)M) of just the right size so 
that this capacitor has C)0-cycle resonan(*e with the inductance of 
transformer 1\ (This means that l/27r/r must be equal to 2TrfL 
where / = 60 cycles, C is in farads, L is the transformer induct- 
ance in henries.) With C added, the circuit of Fig. 2QM becomes 
a simple but uneconomical method of changing direct current 

into 60-cycle alternating current. 
However, if we now gradually 
reduce the size of capacitor C, the 
tube will oscillate faster, so that 
at this increased frequency C and 
L are still in resonance. 

This is the basic explanation of 
the vacuum-tube oscillator; by 
proper selection of the amounts of 
L and C used in its output circuit, 
the tube will oscillate (alternately 
increase and decrease its anode current) at the desired frequency. 
This combination of L and C not only fixes the oscillating fre- 
quency, but also stores the energy necessary to supply a flow of 
power into the output circuit, even when the tube is not passing 
current continuously. 

A mechanical illustration of such an oscillator is the grand- 
father's clock; its input, or driving force, is the steady pressure 
given by weights or a wound spring; its output is the swinging of 
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the pendulum. Steady pressure (like direct curren^) is converted 
into oscillating motion (like alternating current). The steady 
pressure may not be enough to start the pendulum from rest, but 
it keeps the pendulum swinging, because the pressure supplies the 
losses of the clock’s movement. The length of the pendulum 
sets the rate of oscillation, or the frequency. Once each swing, 
the pendulum receives only a short ^'push” from the spring; the 
energy stored in the pendulum carries it through its complete 
swing and back to receive the next push. 

20-9. Oscillator Action — Like a Rope Swing. — ^Let us return 
now to the oscillator circuit of Fig. 20/. As has been already 
mentioned, now we assume that the supply voltage BB is a con- 
stant d-c voltage; the low-frequency ripples from the 60-cycle 
supply are of no further interest. This constant d-c supply is the 
driving force that keeps the oscillator working. The real oscil- 
lation or high-frequency voltage appears at DD, and forces 
alternating current through the work. Several waves of this DD 
voltage are shown in Fig. 20iV', together with corresponding 
voltages and currents in other parts of the circuit. Fig. 20iV^ does 
not try to show what causes or controls the current flowing in 
tube 1 ; it shows the results when tube 1 passes current during 
short times, as shown. 

Notice that the cathode-6 potential of the oscillator tube 1 is 
used as the center line, or axis, of the voltage diagram in Fig. 20^. 
The output voltage DD is shown swinging above and below this 
axis, causing a large alternating current (as much as 140 amperes 
in the 5-kw Electronic Heater) to flow in the tank circuit (6C, 7C, 
IL and the work). This current meets resistance, so there are 
heat losses that absorb eneigy from the tank circuit. To replace 
these losses, oscillator tube 1 controls its flow of anode current so 
as to feed energy into the tank circuit; if these losses are not 
replaced, the voltage swing of DD decreases and soon all oscilla- 
tion stops. 

This circuit works quite like the rope swing under the apple 
tree. The swing continues to move back and forth for some 
time even after we stop pushing. While it ‘*dies down,” its 
number of forward movements per minute does not decrease 
(for its frequency remains constant, set only by the length of the 
rope) ; however, its travel away from the center point gradually 
decreases until all movement finally stops. The energy we 
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originally pushed into the swing has all been consumed in fric- 
tion losses (heat). 

To keep the swing in motion, a small push during each swinging 
movement is sufficient — ^merely enough push to overcome the 
losses. Also, rather than follow and push the swing gently 
during most of its travel arc, we know it is easier (more efficient) 
to stand still and give a sudden large push at the point where the 
swing is near the end of its travel, iu^ starting to move forward. 



Fig. 20N . — Cyclic changes of voltage and cut rent in the oscillator and tank 

circuits. 


20-10. Tube and Tank Currents. — ^All these observations 
apply equally well to the oscillator. In the well-designed cir- 
cuit, the oscillator tube permits anode current to flow during 
about one-fifth of each cycle. (We are speaking now of 530,000 
cycles per second.) During the remaining four-fifths of the 
cycle, the current and voltage in the tank circuit continue their 
swings, but the tube rests. 
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From the d-c supply {BB in Fig. 20/) current flows continually 
through reactor IL mth very little change. During most of each 
cycle, these electrons flow from point 4 through the tank circuit 
and into capacitor 4C. This current delivers a small amount of 
energy into the tank circuit. When oscillator tube 1 permits 
anode current to flow, the steady flow through \L now passes also 
through tube 1. At the same time, 4C discharges and forces a 
larger flow of electrons from point 7 through the tank circuit and 
tube 1. These currents are shown in Fig. 20A. Notice that 
this action is properly timed so that 4C forces* electrons into tank 
capacitor 6C (and back through tube 1) during the time when 
point 6 is more positive than point 7. This increases the voltage 
across 6C to replace its previous losses. 

From the above operation we see that energy steadily leaves 
the d-c supply, but enters the tank circuit in pulses; the tank 
receives a small ^^push” from the flow of current that charges 4C, 
but it gets a larger ^^push^^ when 4C discharges through tube 1. 

In Fig. 20iV’, the upper curve shows that the tube anode voltage 
CC is swinging to values greater and less than the average d-c 
supply voltage. By letting current flow through tube 1 only 
when the anode voltage is at the lowrer part of its swing, the losses 
in the tube are decreased (since watts loss equals tube current 
multiplied by anode voltage). 

In Fig. 20iV' the distance between the large a-c curves shows the 
voltage across the capacitor 4C. Notice that this distance 
remains nearly constant ; the potentials of points 5 and 7 (terminals 
of 4(7) are swinging in equal amounts with relation to the axis 
(cathode 6 of tube 1). Although, as previously described, the 
direct-curre^nt supply flows steadily into 4C and then discharges 
suddenly through tube 1, the voltage acrowss 4C changes very little 
(since 4C is selected large enough to give this result). 

20-11. Grid Circuit of the Oscillator Tube. — We now should 
ask why the tank capacitor is built in two units (6C and 7C in 

* To holp in the above explanation, we show that 4C alternately receives 
and discharges current, so that 4C seems to be a necessary part of the 
oscillator circuit. Actually 4C has sufficient capacity so that it offers no 
barrier to the high-frequency alternating current flowing between the tank 
circuit and the tube anode. The tube oscillates well, even if 4C is shorted; 
AC merely insulates or blocks the high, d-c supply voltage from the tank 
circuit, so that this high voltage cannot reach the work coil. 
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Fig. 20J) instead of being combined into one unit having that 
size needed to give the desired output frequency. These two 
capacitors split the rf (radio-frequency or high-frequency) voltage 
DD into two parts. The voltage across 1C is used to give a 
signal back to tube-1 grid so that this oscillator tube will lot its 
anode current ‘‘push^^ the tank circuit at the right instant to 
maintain oscillation. 

In Fig. 20N we see that the voltage across 1C is about one- 
fourth as large as the voltage across 66\ Of greater importance, 
the 1C voltage is 180 degrees out of phase with the GC voltage, so 
that point 8 is above the axis (point G) whenever point 7 is below 
the axis. Point 8 is connected (through 5C and bR) to the grid 
of tube 1, and Fig. 2QN shows that the 1C voltage tends to make 
the tube grid more positive (thereby permitting anode current to 
flow) during the half cycle when there is the smallest tube anode 
voltage CC. 

The potential at tube-1 grid (at point 9 in Fig. 20iV) is seen to 
be a voltage wave of shape similar to that of point 8 but at a 
lower level, so that the grid is positive (above point G, cathode of 
tube 1) only during the brief time marked R, This downward 
displacement of the grid potential (shown as S in Fig. 20iV) is 
caused by the voltage across 5C in the grid circuit (in Fig. 207): 
this voltage S is known as the grid bias,^'^ We next need to learn 
how this grid bias is produced, and how it controls the power out- 
put of the electronic heater. 

20-12. Effect of the Grid Bias. — During any instant when 
the tube-1 grid is more positive than the cathode, electrons can 
flow through the tube from cathode to grid. The voltage across 
1C (see Fig. 207) forces these electrons to flow from point (), 
through the tube to the grid connection, through bR into capaci- 
tor bC and back to 1C, This flow tends to charge bC to the crest, 
or peak, value of the 1C voltage. When the grid voltage next 
swings negative (below point 6, the cathode) this grid current 
stops, leaving bC charged. During the following half cycle 
(when the 1C voltage has reversed, so that point 6 is more posi- 
tive than point 8), the rectifying action of the tube prevents 
electrons from flowing in the grid-to-cathode direction, which 
could discharge bC. However, a discharge path is provided 
through the adjustable resistor 4/2, so that bC loses a small part 
of its charge and voltage before the start of the next cycle. (The 
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voltages of 5C and 7C combine to cause this flo\y of electrons 
from point 9 through 4/2 to point 6.) If 4/2 is turned, decreasing 
its resistance, the 5C voltage decreases more rapidly than before. 

This action in the grid circuit is shown in the upper right-hand 
part of Fig. 200. Here we see how the tube-1 grid is positive 
during the brief time /2, which is just long enough for the flow of 
grid current to restore the charge on 5C to its largest value 



Fig. 200. Curvc.s sliov\in<? buildup of oscillation and self-bias. 


aS. bC then slowly discharges through 4/2 (which is set here for 
largest resistance) until it has reached a value T by the next time 
the grid current flows. 

Meanwhile, anode current flows in tube 1 when the grid poten- 
tial is above the cutoff value. (As shown in Fig. 20/iL, cutoff is 
about —25 volts when the anode voltage is 500 volts; cutoff 
is — 100 volts when anode voltage is 2000 volts.) Because of this 
bias voltage S or the grid potential prevents the flow of anode 
current e.xcept during time f/, ^^The amount of ‘'push'* that tuhp 
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1 delivers to the tank circuit during this short time U may not be 
enough to supply the losses of a large heating-coil load, and the 
oscillation may stop. However, by decreasing the resistance of 
4/2, we are able to increase the output to the heating coil, as is 
next shown. 

In the lower part of Fig. 200 we see the action with 472 shorted; 
5C now loses its charge more rapidly, so that the bias decreases 
to the amount V. We see that V is much less than T (above) ; 
the curve of grid potential crosses the cutoff line earlier and per- 
mits anode current to flow in tube 1 during a longer time W. 
Also, since the grid potential becomes more positive than before, 
the amount of momentary anode current is increased, permitted 
by a greater discharge current from 4C. The result is a greater 
‘^push^^ by tube 1 — the delivery of greater energy into the tank 
circuit and greater output to the heating coil. 

20-13. The Start of Oscillation. — As a matter of furthei* 
interest. Fig. 200 shows that this oscillator is self-starting, and 
also shows how tube 1 produces its “ self-bias. Any time after 
the 5-min tube-warming period, the electronic heater is made to 
produce its output merely by closing the ‘‘off-on^^ contactor (in 
Fig. 20/). Just as this contactor closes, there is no charge on 4C, 
5C, 6C or 7C; the grid of tube 1 is at the same potential as the 
cathode, so there is no bias to prevent current flow in the tube 

The closing contacts apply the d-c supply voltage to IL, 4C 
and 6C in series. As the current flow increases through IL and 
charges 4C and GC, the voltage across 4C becomes nearly as great 
as the d-c supply voltage, as shown at A in Fig. 200. This 
increasing voltage is also applied to the anode of tube 1 , which 
permits current to flow through the tube. The smail voltage 
across 6C causes current E to flow in 4L and the woik coil, and the 
tank circuit begins to oscillate; its voltage waves become higher 
and higher. 

When the tube-1 grid first becomes positive, as shown at J5, 
grid current charges 5C to a small voltage; this voltage mostly 
remains across 50 until it is further increased by grid current 
flowing at point 0. Assuming that, upon reaching point />, the 
tank circuit is now oscillating at nearly full amount, capacitor 50 
gets its full charge S, which, added to the alternating voltage at 
point 8, keeps tube-l grid negative except during time 72. Wo 
see that this bias voltage across 50 has been produced by tube 1 
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itself, because of the oscillating tank-circuit voltages that tube 1 
maintains; this explains the term self-bias.^' When oscillation 
stops for any reason, the bias voltage of 6C drains away. 

20-14. Main Oscillator Features. — A tube circuit of the feed- 
back type (including that of the electronic heater above) must 
include certain features before it will oscillate. (1) The tube must 
amplify; there must be enough change or swing of anode power 
output, so that part of this may be used to supply the grid input 
power and still have enough left to supply all circuit losses and 
the outside load. (2) Enough energy must be stored in the tank 
circuit (capacitors and inductances) to furnish all power needed 
by the load during the time when the oscillator tube is not passing 
current. (3) The voltage wave or signal at the oscillator-tube 
grid must be 180 deg out of phase with the wave of anode voltage 
— the grid is most positive when the anode is least positive. 

The oscillator frequency depends on the size of the combined 
capacity and inductance in the tank circuit. Therefore, the out- 
put frequency / = (where L is in henries, C is in 

farads, / is in cycles per second). 

20-16. Class A, B or C Operation. — In the electronic-heater 
circuit (Fig. 207), tube 1 is working as a Class-C oscillator. By 
'^Class-C’^ operation (used in the tube rating) we merely indicate 
that anode current flows in tube 1 during much less than one-half 
of each cycle. This can be seen in Fig. 20^ or Fig. 200; with. 
such operation, less energy is lost in the tube. In comparison, 
Class-A operation means that some current may flow in the tube 
during its entire cycle. These classes of tube operation are 
shown in Fig. 20P, which applies to tubes working as amplifiers 
or as oscillators. The lower part of Fig. 20P shows the signal 
voltage applied to the grid; each signal causes its own kind of 
anode-current response, as reflected from the load line of the 
tube (see Fig. 77)). Often the same tube may be used in Class-A, 
Class-B or Class-C operation; the tube does not change; only its 
method of use changes, depending on the grid bias. 

For Class A a small bias is used, so that the signal produces a 
grid potential that is always between zero and cutoff; the anode 
current has about the same waveshape as the grid signal and 

*At resonance,*®-* 2vfL must equal l/2ir/C, so /* — l/{2irZ/)(2irC), or 
/ ~ y/ 1 /i2irL) (2 tC) l/27r y/LC, Similarly, for high-frequency work, 
frequency in kilocycles * l,000,000/2ir y/idl X 
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rarely drops to zero. Where the waveshape of each cycle is 
important, as in af (audio- or sound-frequency) circuits, Class-A 
operation is often used. The rating of a tube in Class-A opera- 
tion is like the continuous rating of a motor. 

For Class B, the tube is biased at cutoff''; with no signal, 
there is no anode current. Since the grid signal swings equally 
above and below cutoff, anode current may flow for half of each 



cycle. A large signal voltage is itsed, so that the grid becomes 
positive, causing mu(*h larger flow of anode current.. In ( 'lass-B 
operation, since anode current flows during only half of the time, 
a tube has a higher current rating than in Class-A operation. 
Class AB is partway between C'lass A and C'lass B ; the grid does 
not become positive, but anode current does not flow during the 
entire cycle. 

For C/lass C the tube is biased below cutoff; only a part of the 
positive swing of the grid signal causes anode current to flow; 
this is the condition shown in Fig. 200. At D in Fig. 20P, notice 
that the signal voltage has forced the grid more positive (than in 
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Tubes opetating lu 
parallel. 


Class B), but D is still on the rising portion of thh load line, so 
the anode-current waveshape has a single peak. However, when 
the signal voltage is increased further, the tube operates at J^, 
beyond the ‘‘hump” on the load line; this produces an anode- 
current waveshape having a notch in the top, or two peaks per 
cycle. Most industrial oscillator tubes have Class-C operation. 

20-16. Push-pull Operation. — An amplifier or an oscillator 
circuit may ase more than one tube, connected in parallel, as 

shown by the simplified circuit in . , - 

Fig. 20Q; all such tubes receive the ^ ^ I 

same grid-voltage signal, so the r ^ c 

tubes divide the anode current ^ > . 1 < ^ 

between them. 3 C T 

Two tubes may bo “connected in 
push-pull,” as shown in Fig. 20ft. Fig. 20Q. — Tubes opetating lu 
Working as an amplifier circuit, the parallel, 

grid voltage supplied by transformer 17" drives the tube-A grid 
positive at the same time that it drives the tube-ft grid negative; 
therefore, the tubes fire in turn. First electrons flow from the 
d-c-supply terminal 1, cathode to anode through tube A, down 
through the upper half of the output transformer 27" to terminal 
2; this is the “push” in 2r. When the grid signal reverses, 

electrons flow from 1 through tube 
IT /"XVa ^ through the lower half of 

^ p 27", to 2; this is the “pull,” for it 
T-^i > reverses the current flow in 27". 

V push-pull, each tube may pass 

I J current during only half of the 

Fig. 20R. Tubeh opoiating iu ^vclc, yet the Combined tube out- 

pllsh-pull. ‘ / 1 1 1 1 

put (through 2T) may have the 
same waveshape as the input grid signal. In this way, two tubes 
may operate Class ft, giving as good output waveshape as a single 
tube operating Class A. 

20-17. Elevator-car-leveling Oscillator. — As an example of 
the oscillator used as an off-on de^Tce,^°"^ electric elevator cars 
in office buildings may be slowed and stopped at floor level by 
such oscillators. The complete oscillator (whose circuit appears 
in Fig. 20<S) is mounted on top of the elevator car and moves with 
the car; the two coils 2L and SL of the oscillator circuit project 
side by side from the oscillator box, with about an inch of space 


IT 

? 

Fig. 20R. Tubeh opoiating iu 
push-pull. 
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between the coils. When the car nears a floor, the coils pass on 
both sides of a steel vane fastened in the elevator shaft; this vane 
stops the oscillator, so that a relay CR opens a power circuit to 
the elevator motor. 

In Fig. 205 tube 1 oscillates (with rapid changes of anode 
current) when no steel vane is between coils 2L and 3L. These 
coils work together as in a transformer; when the tubfvl anode 
current changes, the voltage across coil 2L changes, and this 
change causes a similar voltage to appear across 3L. Part of 
the output voltage (across 2L) is fed back to the grid (at 3L), so 
this is a feed-back type of oscillator. Instead of using a capaci- 
tor connected across 2L, capacitor 3C is connected across 3L in 



the grid circuit. This is also called a ^4imed-grid'' oscillator; 
the size of 3C and 3L sets the out})iit frecpiency. 

The grid circuit makes its own bias across Hi and IC (which 
act like 47^ and bC in Fig. 20/). Because of this bias, the tube 
operates Class so that anode current flows during only a 

small part of each oscillating cycle. Also, since this anode cur- 
rent changes so rapidly, the inductance of 2L prevents much flow 
of current. While oscillating, the average anode? current is about 
1 ma, which is not enough to pick up the relay CR. 

When the steel vane is in the space between coils 2L and 3L, this 
metal prevents the changing 2L voltage from affecting 3L; 3L pro- 
duces no voltage in the grid circuit, so the oscillation stops (as 
the motion of the rope swing ‘Mies down^' when you stop push- 
ing). The bias voltage across 1C drains away through 172. 
Tube 1 now passes current steadily; this direct current passes 
easily through the inductance of 2L. The average tube-1 anode 



Sec. 20-18] 


INVERTERS AND OSCILLATORS 


301 


current increases greatly when oscillation stops; it rises to about 
15 ma, which easily picks up relay CR to control the elevator 
motor. * 

When the car starts again, coils 2L and 3L move away from 
the steel vane; oscillation starts and the tube-1 anode current 
decreases, dropping out relay CR. 

An oscillator is used in this same way when it is included in 
certain instruments; a small metal vane is mounted on the mov- 
ing needle of the instrument. When this vane passes between 
two tiny coils (which have been set at the desired operating point 
on the instrument scale), the oscillator stops and a relay operates. 
The moving needle touches no other part, yet it may control an 
electric circuit of many amperes. 

A piece of metal placed near an inductance in an oscillator 
circuit may nearly stop the oscillation; another piece, very 
slightly different, may stop the oscillator entirely. In this way, 
an oscillator circuit may be a very sensitive indicator of the con- 
dition of metals. 

20-18. Standard Oscillator Types. — Rather than describe other 
oscillator circuits in detail, we shall sketch below several well- 

known types, in the hope that they i 

will invite you to study them in ^ 9 

more complete texts. ' A ^ ^ 

A Colpitts oscillator is shown in 5 supply 

Fig. 20T, in the form used in many X 

texts. Its parts are numbered the ^ ^ ^ ■::::4C 

same as in the electronic heater T' 

(Fig. 20/), which is also a Colpitts 'TYTYTV 

oscillator. This type is recognized 4LOwork) 

by the tank circuit consisting of 20 r.— Colpitts oscillator, 

two capacitor groups (6C and 7C) and a single continuous induct- 
ance (4L and work coil combined). This inductance is the path 
by which part of the anode output is fed back to the grid. 

A Hartley oscillator (Fig, 20U) is like the Colpitts, except that 
the tank circuit uses two inductances (2L and SL, or a single 
inductance wth a tap connecting to the tube cathode), and a 
single capacitor 2C. For the dielectric heating^®-^ of nonmetals, 
the material to be heated is placed between two metal plates, 

* Several such oscillators are used 011 eacli elevator car, with separate 
steel vanes placed to give various control actions. 


4L ^-^wo^k) 
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which act as the two sides of capacitor 2C. The tank circuit feeds 
part of the anode output back to the grid. 

The oscillator circuit of Fig. 20V looks like Fig. 20 f/, excejM 
that there are two capacitors 4C and 5C instead of 2C alone. In 
the grid circuit, 5C and 5L are chosen so they are resonant ^ 
at the desired output frequency; 4C and 4L are similarly chosen 
so they are resonant at this same output frequency. This is a 




5C 4C 

I'UJ. 20 K. tuned- 

plat(‘ ()5>(*illatoi . 


tuned-grid^ tuned-plate oscillator. Here 4L and 5L are separate 
inductances and there is no transformer action between them; 
therefore, how does the grid circuit receiv^e (he voltage signal 
from the anode or plate circuit, so that the tube will oscillate? 
The necessary grid signal passes through the tube, directly from 
anode to grid, because these parts of the tube act like a capacitor 

(see Sec. 7-6, footnote). This 
^Mnterelectrode capacity^’ lets 
the rapid changes of anode 
voltage cause similar voltage 
changes at the grid; in this 
way, part of the anode output 
voltage is fed back to the grid, 
Fi(i. 20W. -Crystal-c-ontrolled o.srillutor. through the tube itself. 

The output frequency of most oscillators may change when 
the load varies. While this frequency drift may have little effect 
on the results produced by oscillators used in industry, govern- 
ment regulations may require that the output fretiuenc.y be held 
more constant. More constant frequency is produced by a 
crystal-controlled oscillator. As is showq in Fig. 201F, such an 
oscillator may be quite like Fig. 207, for thc^ crystal takes the place 
of the tuned-grid circuit. This crystal is a thin piece of (piartz 
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that has been accurately cut and finished to the desired thickness; 
this thickness sets the oscillator frequency. The crystal is 
mounted between two metal surfaces; when low voltage is applied 
between these two surfaces, the crystal expands or contracts. In 
the circuit of Fig. 20 IF, the tiny changes of grid voltage (fed 
back between anode and grid \vithin the tube) make the crystal 
vibrate. Greatest vibration occurs at just one frequency for 
each crystal; the crystal acts like a capacitor and inductance that 
are tuned, or resonant, at that one frequency. If 6L and 6C are 
also resonant at this crystal frequency, the cinjuit oscillates. 
The crystal vibration decreases sharply if the frequency changes 
a tiny amount; therefore, such a crystal-controlled oscillator holds 
the frequency within narrow limits. 

Questions 

Tr ue or fahe I Ex plai n why. 

1. If capacitor C is .shorted, in Fig. 20A, tube 1 fire.s steadily. 

2 . If 4/i Is burned open, in Fig. 20^, tube 1 fires as long as S is closed. 

3. If the inverter of Fig. 20A has an output of 500 cycles per second, the 
deionization time of the thyratron needs to be only as .short a.s ^looo see. 

4. The parallel inverter of Fig. 20/> works in push-pull. 

6. The inverter of Fig. 20A works even when there is no energy stored 
in its circuit. 

6. A tank circuit may contain only inductance and resistance. 

7. An oscillator is not self-starting if a fixed voltage (.such as a battery) 
is used to bias the tube below cutoff. 

8. The Hartley and Colpitts circuits are types of feed-back oscillator. 

9. If the tube in the oscillator of Fig. 20r is replaced with a pentode 
(with its extra grids connected for pentode operation), the circuit will not 
oscillate. 

10. The anode voltage of an oscillator tube may rise higher than the d-c 
supply voltage. 

11. All Hartley oscillators operate from batteries. 

12. When a tube is operating Class B, you may double its bias and get 
Class-C operation. 

13. An oscillating circuit stores energy in two different forms; this energy 
rapidly changes from one form into the other, and back again. 

14. The output of tubes operating Class B never has the same waveshape 
as the input grid signal. 
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TEMPERATURE RECORDERS 

Electronic circuits help to make a record chart of. changinjj; 
temperatures, accurate within part of a degree. Such tempera- 
ture recorders* must respond when the input voltage changes less 
than K 0.0 00 volt, and must amplify this signal until it can run 
a motor to drive a recording pen. These amplifier circuits may 
respond to tiny voltage (*hanges caused when some other circuit 
becomes slightly unl)alanced; since the amplifier makes the motor 
turn in the right direction to bring the circuit back to a balanced 
condition, it is called a self-balancing circuit. f Similar circuits 
are used in airplane controls, as in one kind of auto-pilot. 

21-1. A Change of 0.0001 Volt Turns a Motor. — One kind of 
temperature recorder (whose amplifier circuit is described later) 
uses a thermocouple to ^Heir^ how hot the furnace or the metal 
is. As is mentioned in Sec. 28-14, this thermocouple has two 
pieces of different metals, which an^ joined at one end; this end, 
when hot, produces a tiny voltage. This d-c voltage chang(\s 
less than 1/10,000 volt (or millivolt) for each 10-degree 
change in temperature. Such a thermocouple is included in 
Fig. 21 A, which shows the main parts of the recorder. 

Instead of directly amplifying this ^fo-millivolt change, most 
electronic-circuit designers prefer to convert such a d-c signal into 
an alternating or changing signal, for it then can be amplified 
more easily. vSo in Fig. 21 A a converter receives the d-c signal 
from the thermocouple and produces a tiny a-c signal at trans- 

* A similar temperature instrument is u.sed with the furnace-heating 
circuit described in Sec. 14-8. 

t Such equipments are also scrvornechanisins or positioning controls; when 
such a ^^servo^^ detects a very small change in voltage (or position, speed, 
etc.), it controls some larger device (such as a motor, valve, or solenoid) 
to get the large force needed to correct conditions, until the changed voltage 
or signal is brought back to the starting point. Each of us may be part 
of a servo; when the “boss” gives an order to do a certain job, the workers 
are the mechanism that applies the force until the order is met or satisfied. 
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former T; after passing through several electronic amplifier 
circuits, this a-c signal becomes a voltage strong enough (at H) to 
make a motor turn. This balancing motor is geared to the 
recording pen (not shown) ; the motor also moves the slider at 4 
along a slide wire, until the voltage V is exactly equal to the 
thermocouple voltage. 

The converter is merely a metal reed, which is made to move 
up and down 60 times per second, being driven by a 60-cycle 
coil E, For a moment, suppose this reed is held upward so that 
it closes the circuit to contact 1. Now if the thermocouple pro- 
duces a greater voltage (than battery B produces at F), this 
thermocouple voltage forces electrons to flow from 5 through 
172 and slider 4, to contact 1, 
down through the upper half of 
T to mid-point 3, back to the 
thermocouple. However, if we 
move slider 4 to the right until 
voltage V becomes exactly equal 
to the thermocouple voltage, 
notice that these two voltages 
oppose each other, so that no 
voltage remains in the converter 
circuit; no current flows in T, 

If slider 4 is moved still farther to the right, voltage V now forces 
electrons to flow up through the thermocouple to mid-point 3, up 
through T to contact 1, back to 4. We see that electrons flow 
from 4 up into contact 1 when V is less than the thermocouple 
voltage. 

The metal reed of the converter touches upper contact 1 during 
each positive half cycle of the a-c power supply. (This a-c wave 
is shown in curves 1 and 8 of Fig. 2177.) To see why the reed 
moves upward, notice that the permanent magnet has a North 
upper pole; during the up half c^^cle, current flows in coil E in that 
direction which magnetizes the reed so that its right-hand end is a 
South pole, which is therefore attracted upward. A half cycle 
later, current has reversed in coil E, and now produces a North 
pole at the right-hand end of the reed; the reed is pulled down by 
the South or lower pole of the permanent magnet. 

When the reed touches lower contact 2, the electrons (which 
had been flowing up into contact 1) flow now into contact 2, 
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Fig. 21.4. — Thermocouple voltage 
is converted and amplified to turn a 
motor. 
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upward through transformer T to midtap 3. Notice that, as 
long as V is less than the thermocouple voltage, the electrons 
flow through T always toward the midtap, and alternately 
through the upper and lower halves of the primary winding of T. 
Meanwhile, the secondary of T produces an a-c voltage wave 
(shown at curve 2 of Fig. 21B), which is fed to the amplifier. 
This makes the motor turn (say, clockwise, as explained later), 
and moves slider 4 toward the right; this increases voltage V 
until it becomes equal to the thermocouple voltage. When these 
voltages balance, no voltage remains at so there is no voltage at 
H to turn the motoi . Although the reed still vibrates, there is 
no motor movement while V is in balance with the thermocouple 
voltage. 

However, when the slider is too far to the right, so that V is 
greater than the thermocouple voltage, electrons flow away from 
midtap 3 through transformer T, out of contacts 1 and 2 toward 
the slide wire. The resulting voltage that T produces at F, is 
shown by curve 9 of Fig. 21fi; cuive 9 is reversed, or 180 deg out 
of phase with timing wave 8, whereas curve 2 is in phase with the 
timing wave. Lot us now see how these signals (curve 2 or curve 
9) are amplified so as to turn the motor. 

"21-2. The Brown Continuous-balance Potentiometer. — The 
amplifier circuit of this temperature instrument is shown in Fig. 
21C. The input signal at F is the a-c wave (curve 2 or 9 of Fig. 
21B) described above. Three twin-triode^^ “ tubes are used in 
the amplifier, and they are shown as six separate tube circles; 
circles A and A A are parts of the same tube. A-c supply powei 
is received through the transformer (upper right in Fig. 2\C), 
which also furnishes the timing wave E for the converter. ()n(‘ 
triode BB acts as a diode rectifier to furnish d-c voltage between 
points 6 and 7 (filtered by capacitor iC). Amplifiers A^ A A and 
B receive d-c anode voltage from tliis supply. 

When there is no signal voltage at F (as when voltage V is equal 
to the thermo(;ouple voltage), the grid 8 of tube A seems to be at 
the same potential as cathode 9. However, this lets tube A pass 
current; these electrons flow from 7 through 4F, tube A, 3/? and 
6/? to 6. A voltage appears across 4/i^ [( — ) at 7, (+ ) at 9], which 
makes cathode 9 more positive than grid 8, decreasing the tube-A 
current. This voltage across Ali is the grid bias of tube A . With 
no grid signal, tube A passes a small steady current, producing 
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also a voltage drop across 3/2. However, no mattfer what steady 
voltage appears between points 10 and 7, capacitor 2C charges 
to this voltage, and no voltage remains across resistor 5R, The 
grid of tube A A is at the same potential as its cathode, so tube A A 
is passing steady anode current. However, this has no effect on 
tube B, for capacitor 4C has charged to the voltage between 
points 13 and 7 so that no voltage remains across 8/2. Tube B 
also has zero grid voltage and passes some anode current. Simi- 
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Fig. 215. — Voltage signals and motor-current waves in Fig. 21C. 


larly, 5C has charged to the voltage 15-to-7, and grid 16 of both 
tubes C and CC is at the same potential as point 7. 

In Fig. 21(7 tubes C and CC are not in parallel; although their 
cathodes are together and their grids are together, their anodes 
are at opposite ends of a transformer winding. Tube C may fire 
during one half cycle, tube CC during the next half cycle; never 
do both tubes pass current at the same time. While their grids 
16 remain at point-7 potential, tubes C and CC act as a two-tube 
rectifier, producing a small direct current; these electrons flow 
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from 18 through the A windings of the motor to 7, through HR 
to cathodes 17, and through tubes C and CC in turn. (The volt- 
age across Hi? makes cathodes 17 more positive than grids 16; 
acting as a grid bias, this limits the amount of anode current of 
tubes C and CC.) This direct current through the motor wind- 
ings does not turn the motor, which is an a-c induction motor. 
So, until a signal voltage appears at F in Fig. 21C, all tubes pass 
current steadily but the motor does not turn. 

21-3. Capacitor-coupled Amplifiers. — In Fig. 2tC, suppose 
that the furnace temperature rises, increasing the thermocouple 


nov.60- 
h- supply “-1 
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voltage; voltage V is now less than thermocouple voltage, so a 
signal voltage appears at F, as shown in curve 2 in Fig. 21B. 
During the half wave X, grid 8 becomes more positive, increasing 
the tube-A anode current. This reduces the potential at 10; 
since capacitor 2C cannot change its charge instantly, the poten- 
tial at 11 is forced more negative. Since the grid voltage of tube 
A A becomes negative, its anode current decreases. Notice that 
more tube-A current causes less tubo-AA current; this action is 
like the direct-coupled amplifiers described in Sec. 15-9. How- 
ever, only a fast change in tube-A current can affect tube A A ; 
if the tube-A current changes so slowly that the charge on capaci- 
tor 2C can also change, the tubo-AA current does not change. 
Since the signal at F is a fast-changing a-c wave, the fast changes 
of potential at 10 also roach the grid of tube AA; tube A A is 
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coupled to tube A by capacitor 2C. Similarly, capacitor 4C 
couples tubes A A and B. When current decreases in tube AAj 
it increases in tube B; as point 13 rises, capacitor 4(7 triels to 
charge to the increasing voltage 13-to-7 ; the 4C charing current 
causes a voltage drop across 8/^, so that point 14 (grid of tube 
B) becomes more positive than cathode 7. The slider on SR is 
a sensitivity control; when it is moved toward the lower end, less 
of the voltage across 822 is used to change the tube-J5 current, 
so the whole amplifier has less output at G. 

During half wave X, when curient increases in tube A, 
decreases in tube AA and increases in tube B, the potential at 15 
drops.* Coupled through capacitor 5C, the potential at point 16 
is now more negative than point 7. Curve 3 of Fig. 21B shows 
this change at 16, and is also the grid voltage of tubes C and CC. 
During half cycle X, the tube-C anode is positive, tube-CC 
anode is negative; neither tube passes current, since the voltage 
of both grids is negative. However, during the next half cycle, 
those grids are positive (as shown at Y in Fig. 21 B) ; although 
both grids are positive, only tube CC passes current, for the 
tube-C anode is now negative. The amount of this tube-CC 
current increases if the voltage signal (curve 2) becomes larger. 

21-4. Running the Balancing Motor. — From the above, we see 
that tube CC passes half-cycle pulses of curient whenever voltage 
V is less than the thermocouple voltage. ThevSe current pulses 
(curve 4 in Fig. 2121) must be changed into an alternating current 
before they reach the motor winding. To do this, capacitor 
6C is added (in Fig. 21 C), which is large enough to be resonant 
(at 60 cycles)“‘'*^ with the inductance of the motor windings A. 
Current now flows back and forth in windings .4, and in and out 
of capacitor 6C. Of course, this alternating current is started 
and kept flowing because of the pulses from tube CC. Similarly, 
although you giv(‘ short sudden pushes to a rope swing, the swung 
moves smoothly back and forth (like a sine w^ave of current). 
You push the swing w here it is barely moving, at a point near one 
limit of its travel; the swing roaches full speed later, at the middle 

* Tubes Ay A A ami B give tliree stages of voltage amplification, increasing 
the signal voltage in three steps. If input voltage F is tiooo volt a.c., the 
tube-4 4 grid voltage (across 5/?) is perhaps ^^5 volt; the tube-B grid 
voltage (across SR) may be 1 to 2 volts, so that perhaps 10 to 30 volts can 
he used at (7, to control the power amplifiers C and CC. 
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of its travel. Similarly, when tube CC ‘'pushes’^ the swinging 
circuit (of 6C and windings A), the greatest current flows in this 
circuit about 90 degrees after the push; the wave of current in 
the A motor ending (curve 5 of Fig. 21B) lags 90 degrees behind 
the wave of tube-CC current (curve 4).* 

This balancing motor in Fig. 21 C is a two- winding induction 
motor (like those operated on two-phase a-c power supply). The 
motor does not turn unless a.c. flows in both its windings. The 
B Avindings are connected to the a-c supply, so that alternating 
current always flows. Since this winding is inductive, its current 
lags behind the voltage; capacitor 7C is added so that the current 
in the B windings is kept in phase with the a-c supply voltage, as 
shown in curves 6 and 13 of Fig. 21 B. 

When tul^e CC alone passes current, the current in the motor's 
A windings is shown by curve 5. This is shown again in curve 7, 
which also includes curve 6 (current in the B windings). Notice 
that the -winding current is to the left of the ^-winding current 
and leads by 90 degrees; these combined currents make this 
induction motor turn so as to move slider 4 toward the right. 

When the furnace cools so that voltage V becomes larger than 
the thermocouple voltage, the signal voltage at F becomes lik(‘ 
curve 9 of Fig. 21.6. Notice that, during the half cycle Z when 
the converter reed is up, touching contact 1, the voltage at F is 
now negative — opposite to the curve-2 condition. Since grid 
8 is mad(^ negative during this half wave, tubcv-^l current decreases, 
tube-.4.4 current increases, tube-6 current decreases, and tlie 
signal at G becomes more positive, as shown in curv(^ 10. During 
half wave Z, the grids of tubes C and CC are both i)ositive; 
however, the anode of tube CC is negative during this half cycle, 
so tube CC passes no current. The tube-C anode is positive 
during half cycle Z, so tube C may pass pulses of current. These 
X^ulses make alternating current flow in the motor's A winding 
and resonant capacitor 6C, as before; this alternating current 
(curve 12) lags 90 degrees behind the wave of tube-C current 
(curve 11). However, since the tube-C pulses occur a half cycle 
later (tlmn the tube-CC pulses of curve 4), the wave of current in 
the A windings is also later. In the combined curves 14, we see 

* The current in the A winding includes some direct current; this is not 
shown in curves 5 or 12, since this direct current does not help to turn the 
motor. 
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that the A-winding current is to the right of the 5-winding cur- 
rent, and lags by 90 degrees. These combined currents make the 
induction motor turn so as to move slider 4 toward the left. 

From this study of Fig. 21C, we realize that the timing wave E 
(which drives the converter reed) must always be in step with 
the a-c voltage wave applied to power tubes C and CC, Note 
also that the motor begins to turn instantly to bring the slider to 
the required position of balance; this provides a continuous- 
balance feature. Figure 21C omits many parts or circuit features 
that are included in this continuoas-balance potentiometer. 

21-6, A-c Bridge Signal for the Amplifier. — The continuous- 
balance type of amplifier may also receive its signal from an a-c 
bridge or potentiometer circuit, such as is shown in Fig. 21D; any 



voltage unbalance in such a circuit gives a signal that is an a-c 
voltage, and therefore does not need a converter such as is used 
with the thermocouple in Fig. 21^4. In Fig. 215, resistors IR 
and 2R are both connected across an a-c voltage (which must be 
supplied by the same generator or system that feeds the powder 
tubes and motor of the main amplifier circuit). All of Fig. 215 
is in the grid circuit of the first amplifier tube (such as tube A of 
Fig. 21C). 

When slider A is exactly above slider 5, there is no voltage 
between these sliders and no a-c signal is given to the tube at F. 
But suppose that, inside an airplane, resistor 2R is fastened so 
that its slider B is moved slightly to the left when the airplane 
starts to get off its course. Perhaps slider B moves so little that 
its potential changes only Ko volt, yet this produces an ar-c wave 
of 3^0 volt at F. As described above, this a-c voltage is strength- 
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ened in the amplifier circuit until it can operate a motor or a 
valve; this device moves the flaps or the rudder to bring the plane 
back on its course, and it also moves slider A to the left until the 
two sliders are again in line, with zero voltage between them. 

In another design of temperature rec.order, an a-c bridge circuit 
is used in place of the thermocouple and converter of Fig. 21^4. 
As shown at the left in Fig. 21-^, this bridge includes fixed resis- 
tors Aj BjR and S ; resistance T is made of platinum and is placed 
in the hot furnace. When the furnace temperature rises, the 
resistance of T increases. Since these resistors are connected 
across an a-c supply voltage (between points 3 and 4) there is 
some a-c voltage across each resistor. When T becomes hotter, 
the amount of voltage across T increases, so the voltage across R 
decreases. Whatever the voltage across T may be, this same 
amount of voltage must appear also at F, or the temperature- 
instrument motor M moves slider 2 on S until V becomes equal 
to the T voltage. When the V and T voltages are equal, no 
voltage remains between slider 2 (on S) and point 1 ; therefore, no 
signal appears at F, the input to the amplifier. 

21-6. The Bailey Pyrotron Amplifier. — This temperature- 
recording-instrument circuit is outlined in Fig. 21^. Using 
resistance T to respond to the furnace heat, this circuit amplifies 
whatever a-c signal is produced at F; as a result, motor M turns 
so as to move the slider on thereby decreasing this F signal. 
Power tubes C and CC supply direct current to satural)le reactors 
IX and to control the motor. 

The voltage-amplifier tubes A and A A in Fig. 21 F are capaci- 
tor-coupled like those shown in Fig. 21C. When the potential at 
grid 5 rises rapidly, the grid-6 potential falls, but point 7 also 
rises. Notice that the large signal at 7 (grid of triodes C and CC) 
changes in the same direction as the small input signal at F. 

The anodes of triodes C and CC receive voltage from opposite 
ends of transformer winding T (like the similar tubes in Fig. 21C). 
If grid 7 is positive during the half cycle when the T winding is 
also positive at 12, electrons flow from mid-point 2, through 
triode C to 11, through the d-c winding of saturable reactor IX, 
to 12. However, jf grid 7 is not positive until a half cycle later, 
electrons flow instead through triode CC and saturable reactor 
2X to 14. If there is no input signal F arid no voltage across 8i?, 
the grid voltage of triodes C and CC is zero, and they pass current 
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in turn. Reactors IX and 2X then receive the same amount of 
d.c. through the tube anodes, so that the same amount of alter- 
nating current may pass through each reactor. The voltage 
of the a-c-supply-autotiansformer winding (8 to 9), forces current 
to flow back and forth between junction 15 and junction 18; 
half of this current flows through the a-c winding of reactor IX 
and the J winding of the motor. An equal current flows through 
2X and the K motor winding. There is no voltage between 
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Fig. 21 B\ Circuit of Bailey Pyrotron Amplifier. 


points 10 and 17 so capacitor 12(7 has no action. Since the cur- 
rents in the two motor windings are in phase with each other, 
this a-c motor does not turn. 

Now watch the circuit action when the furnace temperature 
rises, increasing the T resistance and the voltage across T. A 
small a-c voltage now appears between slider 2 and point 1 ; this 
voltage at F makes grid 5 positive during the same half cycle when 
T terminal 12 is positive; grid 7 is also positive at this time, so 
triode C passes current,* which saturates reactor IX. During 
the next half cycle, when 14 is positive, tube CC passes very little 
current, since its grid 7 is now negative. 

With anode current flowing in tube C, but not flowing in tube 
CC, alternating current flows through reactor IX but not through 
This tube current flows in pulses; capacitor 8C is charged during these 
pulses and keeps a more steady flow of d.c. through the reactor winding. 
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2X; as much as 120 volts a.c. appear between points 16 and 18. 
This voltage forces current to flow through motor winding J; 
current flows also through winding K in series with capacitor 12C. 
Because of 12C, the wave of alternating current through K is 
nearly 90 degrees ahead of the J current wave. Since the cur- 
rents in these two mndings are not in phase, the motor turns like 
a two-phase induction motor; it moves slider 2 toward the right 
on resistor S until voltage V becomes as large as the voltage across 
T. Then the motor stops. 

For the opposite action, when the furnace cools and the voltage 
across T becomes less than F, a small a-c voltage again appears 
at F, but it drives grid 5 and grid 7 negative during the half cycle 
when 12 is positive. The tube-C anode current becomes small 
or zero, while tube CC passes current and saturates reactor 2X. 
With very little alternating current flowing through IX but with 
more through 2X, as much as 120 volts a.c. now appears between 
points 17 and 18. Current flows through motor winding K\ 
current flows also through winding J in series with capacitor 12r. 
The a-c wave through J is nearly 90 degrees ahead of the K cur- 
rent wave. The motor again turns (but in the direction opposite 
to that described above) ; it moves slider 2 toward the left on S 
until voltage V decreases and becomes equal to the voltage across 
T, Then the motor stops. 

When voltage V is much larger or smaller than the T voltage, 
the F voltage is large; the large current in one motor winding 
lags farther behind the large current in the other motor winding, 
so the motor turns at high speed. When voltages V and T are 
nearly equal, the motor currents are small and are more nearly in 
phase, so the motor turns very slowly. 

Questions 

True or false? Explain why. 

1. The cathodes of two capacitor-coupled tubes may be at the same 
potential. 

2. In Fig. 21C, if the size of 2C or 4C is reduced, the circuit can respond 
to slower signal changes. 

8. In Fig. 21 C, if 2C is shorted, the grid of tube A A can never be negative. 

4. In Fig. 2 1C, if capacitor 4C is shorted, tube B passes steady direct 
current. 

6. In Fig. 2 1C, if 4C is shorted, tube C passes steady direct current. 

6. In Fig. 2ir, if HR is shorted, the anode ^current of tubes C and CC 
increases. 
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7. In Fig, 21C, if lOR is shorted, the motor turns faster. ^ 

8 . In Fig. 21D, an a-c voltmeter connected between A and B can show 
which slider is farthest to the left. 

9. In Fig. 21J5, if 12C is shorted, motor M will not turn. 

10. In Fig. 21E, if thyratrons replace tubes C and CC, the motor runs 
at full speed or not at all. 

11. In Fig. 2lEy if you double the anode current of tube Ay the voltage 
across SA decreases. 



CHAPTER 22 

HIGH-SPEED LIGHT RELAYS 

There are many applications that require high-speed photo- 
electric relays that can be operated by very rapid changes in light, 
lasting perhaps one-thousandth of a second. 

22-1. Speed Limit of A-c Operation. — ^Let us analyze an 
example and see why a high-speed photoelectric relay is required 
and why a phototube used in an alternating-current circuit can- 
not be used for high-speed operation. Suppose that a bar of 
soft metal comes out of a forming machine at a rate of 5 feet per 
second (60 inches per second) and is to bo cut into 5-foot lengths 



Fig. 22 a . — W^ith a-c supply, variable delay prevents accurate response. 

with an accuracy of 3 s inch. The bar moves along a conveyor, 
under the cutter and to a photoelectric relay 5 feet from the 
cutter. When the bar breaks the narrow beam of light between 
the light source and the photoelectric relay, the cutter operates. 
Can we obtain the desired accuracy if the cutoff is operated by an 
a-c solenoid and controlled by the fastest a-c photoelectric relay, 
which responds in Ho to Ho of a second? Since the bar moves 
60 inches a second, it moves 1 inch in Ho second. This indicates 
the nearest accuracy that might be obtained is 1 inch, which is 
far from the J'^-inch accuracy required. 

Before we discuss the use of a high-speed relay, let us see why 
we cannot obtain high-speed operation as long as we supply 
alternating current directly to the tubes and the solenoids. Fig- 
ure 22A shows iH cycles of voltage from a 60-cycle supply source. 

316 
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If the beam of light is broken at the instant shown at point A, 
there is enough voltage available (B) at that part of the sine wave 
to start the cutoff operation almost instantly. However, if the 
light beam is broken at point C, there is too little supply voltage 
until point B, so the cutoff may not start until perhaps at F, 
During this longer delay the metal bar moves an extra quarter 
or half inch, which is outside the desired accuracy of 3^^-inch 
cutoff. 

22-2. Fast Relay Response (CR7606-J6). — The light-operated 
relay of Fig. 22J5 gives great accuracy at high speed. While 
this circuit uses power from a single-phase a-c line, it first changes 
part of this a.c. into d.c. for internal use. Rectifier tube 1 with 
its filter^^"^ (20, X, 30) produces d-c voltage between points 1 and 

3, so that tube 4 may pick up relay A at any instant. 

This type of relay may control cutoff knives and package- 
wrapping machines, where the phototube 3 ^^sees^^ a narrow mark 
printed on the wrapping paper passing by. Perhaps this mark 
changes the light (reaching phototube 3) for less than Kooo 
second. 

The central part of Fig. 22B is shown again in Fig. 220, sim- 
plified. When amplifier tube 2 passes anode current, these 
electrons flow from point 4 of the voltage divider (AR, 5R, 6/i), 
cathode to anode of tube 2, through 3R and the milliammeter 
to point 1. Of course, the amoimt of this flow depends on the 
tube-2 control grid, which is at the potential of point B, some- 
where between points 4 and 3 on the voltage divider. 

If much light shines on phototube 3, it permits electrons to 
flow from point 3, through IR and the phototube to point 2. 
This flow causes so much voltage drop across IR that the poten- 
tial at B (grid of tube 2) is raised above point 3 and close to point 

4, the cathode of tube 2. This causes tube 2 to pass current, 
which is shown by the milliammeter, MA. Notice that, if the 
light on phototube 3 remains constant so that the grid potential 
at B does not change, we can still adjust the amount of current 
in tube 2 by moving the slider of AR, If AR is turned clockwse, 
this raises the cathode-4 potential and reduces the tube-2 cur- 
rent. (472 is usually set so that tube 2 passes about 1 ma while 
phototube 3 receives light.) While tube 2 is passing about 1 
milliampere, this current causes a large voltage drop across 372, 
so that point 6 is at a potential far below point U 
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If phototube 3 is now darkened, the current decreases through 
IR and the phototube. This reduces the voltage drop across IR 
so that point B drops closer to point 3. This lowering of the grid 
potential of tube 2 decreases the amount of current flowing 



Fio. 22B.- -Circuit of high-bpeed pliotoelectric relay (CK7607-J5). 


through tube 2 and 3R. This reduces the voltage drop across 3/f , 
so that the potential of point 6 rises. When a dark spot passes 
and darkens the phototube, the resulting dip in tube-2 current 
causes the potential of point 6 to rise; this rise may be applied to 

the grid of thyratron 4 to make it 
fire. 

In Fig. 22C note that a slow 
decrease of light causes a slow 
decrease of tube-2 current and a 
slow rise of potential at point 6; 
as long as phototube 3 remains 
dark, point 6 remains at a raised 
potential. This action can give 
trouble, since such a circuit 
responds not only to the dark spot 
on the paper, but also to any 
gradual change in the light re- 
flected from the rest of the paper. This high-speed relay will 
give more positive or definite action if we change its circuit so 
that it responds only to sudden changes of light, so it is not 
affected by slow light changes caused by dirt gathering on the 



Fig. 22C. — Portion of Fig. 22B, 
simplifiod. 
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lens or phototube, or by the use of a roll of darker paper. The 
relay of Fig. 22J5 responds only to sudden changes of light, so let 
us see how we change Fig. 22C to get this action. 

22-3. Response Only to Sudden Light Changes. — In Fig. 22B 
we have added IC and 2R in the tube-2 grid circuit. (By the 
addition of capacitors 1C and 3C, these tube circuits become 
‘^capacitor-coupled.'O*^’* Now let us see how this circuit 
behaves. 

When a constant or steady light falls on phototube 3 in Fig. 
225, the phototube current causes a voltage drop across IR (the 
same as in Fig. 22C). However, notice that capacitor 1C is 
changed to this same voltage (the drop across IR). Current 
flows through 2R only while 1C is charging or discharging. While 
the voltage across 1/2 is steady, there is no voltage drop across 
2/2, so the tube-2 grid B is at the same potential as point 3. By 
moving 4/2 slider upward, we lower the tube-2 cathode potential 
and thereby increase the current flow through tube 2 to the 
desired steady amount of about 1 ma. 

If the amount of light on phototube 3 now slowly decreases, 
the current decreases through phototube 3 and 1/2, slowly 
reducing the voltage drop across 1/2. However, while this 
voltage across 1/2 slowly decreases, 1C discharges to this reduced 
voltage by forcing a very small current to flow through 2/2. 
During this process, the tube-2 grid at B is not affected much. 
No matter how much or how little light shines steadily on 
phototube 3, capacitor 1C has charged to the voltage across 1/2, 
and B is still at the same potential as point 3; the tube-2 
current is unchanged from its steady value of 1 ma and there 
is no change in the potential at point 6. 

If a printed mark passes, suddenly reducing the amount of 
light reaching phototube 3, the current through phototube 3 and 
1/2 decreases sharply, and suddenly reduces the voltage drop 
across 1/2. This is shown in Fig. 22D, where the potential at 
point 5 suddenly decreases from K to L. Capacitor 1C cannot 
discharge through 2/2 fast enough to follow this abrupt change of 
voltage across 1/2, so point B is forced more negative than point 
3. This action forces the tube-2 grid more negative, making 
the dip in tube-2 current shown at N. The resulting reduced 
voltage across 3/2 makes the point-6 potential rise suddenly 
(shown at P), which trips thyratron tube 4, as explained below. 
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The resistance of 2R is so high ftiat little of the charge and voltage 
of 1C is lost while the printed mark passes. 

22-4. Sudden Tripping of Thyratron. — In Fig. 22B the grid 
of thyratron tube 4 is connected* through capacitor 4C to point 
6, and also through 7/2 to point 3. The action of point 10 may be 
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Fig. 227).- -Changes of voltage and current when phototube is suddenly darkened. 


compared to that of point B above. With constant light on 
phototube 3, 4C is charged to the voltage between points 6 and 3, 
so the tube-4 grid is at the negative potential of point 3. Notice 
that the cathode of thyratron tube 4 is connected to point 12 on 
a voltage divider, so the tube-4 grid is now more negative than 
the cathode, by the amount of the voltage across 12/?; this nega- 
* Sometimes a selector switch is used (as shown in Fig. 22B), when this 
light relay is used with web-register controls (see ('hap. 23). The register 
machine drives the shaft of the selector switch to open the selector contact 
during times when the thyratron 4 need not be tripped. 
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tive grid bias prevents the firing of tube 4. If^the potential 
at 6 is raised slowly (as when 4/? is adjusted to decrease the 
amount of tube-2 current), capacitor 4C charges to this increased 
voltage without' affecting tube 4 much. 

When the point-6 potential rises suddenly (at P in Fig. 22D), 
the voltage across 4C cannot change this quickly, so the potential 
at 10 (grid of tube 4) also rises abruptly as shown at Q. This 
rise in grid voltage trips or fires tube 4, whose anode current 
energizes or picks up relay A. Remember that tube 4 and relay 
A operate on direct current; even though the thyratron grid again 
becomes negative after a very short time, this vapor-filled thyra- 
tron tube 4 has been fired and continues to pass current. Relay 
A remains energized until the ‘‘reset contact” is opened, as by 
some part of the wrapping machine. 

The impulse that trips the thyratron may last only 1/10,000 of 
a second. How fortunate that this vapor-filled type of tubs, 
when once tripped by such a flicker, continues to pass current 
until the desired relay action takes place. 

22-6. General-purpose High-speed Light Relay (CR7606- 
NllO). — Although this relay includes no thyratron tube, the 
circuit of Fig. 22E acts suddenly even when the light changes 
slowly; its relay CR may be picked up by a light change as short 

Hooo second. 

There are two separate d-c supplies; the left-hand part of tube 

1 rectifies the a-c voltage of transformer IT so that d-c voltage 
appears between points 1 and 5 (filtered by 3C) to operate tubes 

2 and 3. The other part of tube 1 furnishes d.c. between points 
10 and 7 ; part of this is filtered by 4r, 21R and 2C, to operate 
tube 4 and relay CR, 

As connected in Fig. 22E, relay CR picks up when the light 
decreases* on phototube 2, With strong light on tube 2, enough 
current flows through IR so that point 3 (grid of tube 3) is near 
the same potential as cathode 4; tube 3 passes anode current. 
These electrons flow from point 7 though 2/2 to 4, through tube 

3 and 3/2 to point 1. This flow causes little voltage drop across 

* There is a switch (not shown in Fig. 22E) that can reconnect the tube-2 
circuit so that CR picks up when the light increctses. A capacitor may be 
added to couple tube 2 to tube 3, so that the relay responds only to quick 
changes of light. Figure 22E omits many parts of voltage dividers used 
in the complete relay. 
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2R (about 50 ohms), but causes large voltage drop across 3ft 
(0.1 megohm) so that point 2 is not far above cathode 4. Grid 
6 is far more negative than cathode 4, so tube 4 is not passing 
current; relay CR is not picked up. 

When the light reaching phototube 2 decreases slowly, it may 
have no effect on tube 4 or relay CR at first; during such a change, 
the tube-3 current slowly decreases. Point 2 slowly rises, raising 
the grid-6 potential; however, grid 6 is still below or near cutoff 
of tube 4, so the tube-4 current has not started to flow. 

When the light has decreased just the right amount, the cir- 
cuit suddenly trips;* the tube-4 current increases quickly and 
picks up relay CR. Let us see what causes this sudden change. 



Fig. 22E. — General-purpose high-speed light relay (CR7505-N110). 


22-6. Quick-tripping Action. — At this tripping point, grid 3 
(of tube 3 in Fig. 22E) is lowered enough so that tube 3 is partly 
turned off ; point 2 has risen enough to let grid 6 start the flow of 
anode current through tube 4. These electrons flow from point 
7 through 2ft, tube 4, relay coil CR and 21ft to point 10. This is 
a low-resistance circuit, and the anode current in beam power^"^^ 
tube 4 may become 30 times greater than the largest tube-3 cur- 
rent. As this larger tube-4 current starts to flow through resistor 
* The desired tripping point is selected by dials 7R and 8ft, which always 
turn together. (The voltage between these two sliders is kept less than 
90 volts at any setting, to protect the phototube.) When set higher 
(clockwise), the light on phototube 2 must drop to a lower amount before 
relay CR can operate. 
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2R, a voltage appears across 272 that makes cathode 4 more 
positive. As cathode 4 of tube 3 rises, it turns off tube 3 further; 
instantly this raises points 2 and 6 further, turning tube 4 on more 
and producing greater voltage across 2/2. Even if the potential 
of grid 3 has not changed since this action started, the tube-3 
cathode is raised quickly by the increasing voltage across 2/2, so 
that the tube-3 current suddenly stops. Points 2 and 6 rise 
quickly and tube 4 passes large current at once, picking up relay 
C/2. Notice that the tube-4 current cannot stay at any middle 
value; when it once starts to flow, the circuit quickly increases 
the tube-4 current to full amount. 

When light again increases on phototube 2, this may raise grid 
3 and lower points 2 and 6 somewhat, without decreasing the 
tube-4 current. However, when the tube-4 current starts to 
decrease, the voltage across 2/2 also decreases; cathode 4 drops 
and causes more current in tube 3 (even though grid 3 may not 
have risen further). As this increased tube-3 current lowers 
points 2 and 6, tube 4 is turned off more and the voltage across 2/2 
decreases further, lowering cathode 4 more. This chain of events 
quickly stops all current through tube 4, so relay C/2 drops out at 
once.* 

22-7. Action on Very Short Light Dips. — While the circuit of 
Fig. 22E trips suddenly, even when the light changes slowly, 
tube 4 may be turned on and off by sudden changes of light. 
However, if the light is stopped for only } looo sec, tube-4 current 
flows for so short a time that it cannot pick up relay C/2. How- 
ever, Fig. 22E includes a ‘'pulse-lengthening^' circuit, so that 
tube 4 can pass current for as long as sec and pick up relay C/2, 
even though phototube 2 “sees” only a Hooo-sec dip in light. 

Here let us study the circuits that furnish voltage to the other 
grids of tubes 3 and 4. The tube-3 suppressor grid at point 9 is 
connected to a slider on 22/2 ; when the slider is touching at point 
7, this suppressor-grid potential does not change, so the action of 
tube 4 is as fast as the light change at tube 2. Now turn the 22/2 
slider toward 1C; whatever voltage appears across 22/2 now 
changes the tube-3 suppressor-grid voltage. Notice that 22/2 and 

* In Fig. 22 jK, tube 3 is off when tube 4 is passing current. The tube-4 
current is large enough to draw point 10 to a potential lower than point 1; 
current flows through 16/J, and both halves of tube 1 supply this tube-4 
current. 
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1C are connected across 972; 972 and 1072 divide the d-c voltage 
(between points 10 and 7), so that screen grid 8 is about 40 volts 
more positive than cathode 4. While the lighted phototube 2 
keeps tube 3 passing current, control grid G is negative; grid 6 
not only prevents anode current from flowing in tube 4 — it also 
prevents electron flow from cathode to screen grid 8. The volt- 
age across 972 is quite large, and capacitor 1C is charged to this 
voltage. 

When the light decreases, raising the point-G (control-grid) 
potential, electrons flow cathode to anode in tube 4 and flow also 
from cathode 4 to screen grid 8 and through 1072 to point 10. 
This screen-grid current increases the voltage drop across 1072, so 
that the potential at 8 quickly drops as much as 40 volts. The 
voltage across 972 decreases 40 volts; capacitor 1C, discharging 
to reach this lower voltage, forces current through 2272 so that 
point 11 is driven 40 volts below (more negative than) point 7. 
This voltage across 2272 forces suppressor grid 9 of tube 3 so far 
negative that tube 3 cannot pass current. Even though the light 
dip at phototube 2 has passed and grid 3 is back up to normal, 
the negative grid 9 prevents current flo^^ in tube 3 until capacitor 
IC has had time to discharge. The time constant of 1C and 2272 
is second, so the voltage across 2272 lasts long enough to keep 
tube 3 from passing current for as much as sec. Meanwhile, 
tube 4 passes current during this sec, which is long enough to 
pick up relay C72. C72 may be arranged to close a circuit to keep 

itself picked up until released by some other device. 

22-8. The Pinhole Detector. — Another high-speed photoelec- 
tric device is used to ^^see^^ holes as small as inch across, in 
a strip of tinplate steel moving past at high speed (50 to 900 ft 
per minute) . This steel is used in making tin cans, so any portion 
containing a hole must be marked or rejected. To do this, an 
intense beam of light shines down on the moving steel strip, while 
a row of phototubes below the strip stands guard ready to catch 
the short flash of light through any hole — a flash that may last 
only Hooo sec. Each light source and phototube watches a 
2 inch width of moving tinplate, so as many as 24 phototubes are 
needed for use with strips up to 48 inches wide; these phototubes 
are connected in parallel, so that any one phototube works the 
marker when a hole passes. 

Figure 22F shows the entire circuit of this pinhole detector; 
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the left-hand portion (tubes 1, 2, 3, 4 and 9) is like Ffg. 22 A above, 
and thyratron tube 4 is fired each time that a hole in the tinplate 
passes. Tubes 5 to 8 control the marker, as will be described 
iater. This marker is a rough or knurled roller (not shown), 
which usually is kept from turning by a solenoid B (upper right 
in Fig. 22F). When it is so held, a flat part on the roller is nearest 
the moving strip, so the roller does not touch the tinplate. 

When a hole passes above a phototube, the tube-8 current is 
decreased to let the solenoid-J5 plunger drop down. This starts 
the roller turning so that its knurled teeth bite into the tinplate 
near the edge of the strip, leaving a mark 3 in. long. The moving 
strip now keeps the roller turning. After one complete turn, a 
cam on the roller raises the solenoid-B plunger. By this time, 
current again flows through tube 8 and the solenoid. Sole- 
noid B is not strong enough to pull up its own plunger, but it 
will hold the plunger after it is raised by the roller cam. This 
locks the roller, to prevent further turning, until the next hole 
signal is received. 

This marking roller is located 10 to 20 inches past the photo- 
tubes; a hole in the tinplate moves this distance before it can 
be marked. The pinhole detector includes a time delay (after 
the hole is ^^seen”) so that the strip may move the right distance 
before the roller marks it. This timing is done by the circuit 
below tube 0. 

Before studying the step-by-step action in Fig. 22F, let us 
dispose of many parts that merely hold steady voltages at cer- 
tain points. Tube 9 with its pi filter {X and IIC) supplies 
d-c voltage between top point 9 and bottom point 3. This volt- 
age is split into useful parts (at the left) hy ZIR, 8/2, 9/2 and 12/2, 
while 19C and 13C help to hold steady voltage between 4 and 3. 
Tubes 2 and 3 are pentodes.^"^ The potential at screen grid 38 
is lower than point 37, because of electrons passing from cathode 
35 to 38 and through 5/2; 2C holds the screen-grid voltage con- 
stant. Similarly, the tube-3 screen is fed through 7/2 and 6C. 
Capacitors 3C and fiC brace the anode voltages at 37 and 29. 
Near the center of Fig. 22F, a voltage divider (18/2, 27/2 and 16/2) 
gives cathode potentials for tubes 4 and 7. Beam power tubes 5 
and 8 get their screen potentials through 22/2 and 35/2. 

22-9. Response to a Pinhole. — All the phototubes are con- 
nected between points 31 and 33; only two are shown in Fig. 22F. 
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When no light reaches any phototube, very little current flows 
through resistor 1/?, so the tube-2 grid 33 is nearly down to point- 
3 potential. A small electron flow passes steadily from 3 through 
2R and tube 2, through ZR and 4/2 to point 4; a small voltage 
appears across 2R as a bias to keep grid 33 slightly below cathode 
35. Tubes 2, 3 and 4 are capacitor coupled*^^'® through 4C and 
7C. With no signal from a phototube, tube 3 passes a steady 
current* which, flowing through 11/2, makes the point-5 potential 
about 120 volts lower than point 29. Tube 4 is not firing, for its 
grid is now at point-3 potential, about 16 volts below the tube-4 
cathode at point 27. Although the A contact above tube 4 is 
closed, no current flows to pick up contactor E; the potential at 
point 24 is the same as that at 9. Meanwhile, the control grid 28 
of tube 5 is at cathode potential 3, so tube 5 has a large anode 
current ; these electrons flow from 3 through tube 5, 24/2, through 
the pilot generator, 30/2, 37/2 and tube 6 to point 22. Because 
of this tube-5 current, the voltage between points 40 and 3 is 
small, so 12C has little charge. Point 7 (grid of tube 7) has 
much lower potential than cathode 44, so no current flows through 
tube 7 and 26/2. Tubes 7 and 8 are capacitor coupled through 
IOC. With no signal fro^m phototube 1, grid 47 is at point-3 
potential, so tube 8 passes current and solenoids A and B are 
both picked up. 

When a hole in the tinplate lets light flash onto a phototube, 
current flows through that phototube and 1/2. The potential of 
grid 33 rises and turns on tube 2. Point 36 falls suddenly, so 
4C pushes grid 60 negative, turning off tube 3. The potential 
at 5 rises suddenly, so 7C raises the potential along 14/2, so that 
grid 32 rises and fires thyratron tube 4. (When the slider of 14/2 
is at its upper end, tube 4 is fired by very small pinholes; at 
lower 14/2 settings, only the larger holes can fire tube 4.) The 
large current through tube 4 picks up contactor J?, whose con- 
tacts (not shown) light signal lamps and operate a counter or 
a separate device to open a '‘gate,'' which diverts the bad piecef 

* The grid 60 of tube 3 is held 1.25 volts below cathode 3, by a bias cell. 
This cuplike device is like a small dry cell or battery. Since it supplies no 
current it has very long life. Several bias cells together may give a larger 
voltage, like those below tube 6 in Fig. 22F. 

t The strip of tinplate is cut into lengths just after passing the photo- 
tubes; these cut pieces then pass the “gate.” 
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Fig. 22F . — Pinhole detector (CR7505-F121). 
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of tinplate onto a ‘^reject pile. When tube-4 current flows 
through E and 17 R (top center of Fig. 22F), the potential at 
point 24 drops; capacitor 8C forces grid 28 far negative, stopping 
all current through tube 5. At once the voltage across 12C starts 
to rise as current flows through 24/2 and tube 6 to charge 12C. 

The purpose of the tube-6 circuit (including the pilot genera- 
tor, 36/2, 37/2 and grid-bias cell) is to control the current that 
charges 12C, so that the grid potential 7 rises at a constant rate, 
as will be explained later. This charging of 12C gives a short 
time delay after which grid 7 turns on tube 7; this tube-7 current 
through 26/2 decreases the potential at 45 and grid 47, stopping 
the anode current of tube 8. Solenoid B quickly releases its 
plunger, to start the marking roller. Relay A is held in a bit 
longer (until 18C loses its charge) to give the B plunger time to 
drop all the way down. Then A opens its contact (center of Fig. 
22/^), which removes anode voltage from thyratron 4. (By now 
the impulse from the phototube has passed, so grid 32 is back at 
point-3 potential.) Since current stops in 17/2 and the point- 
24 potential returns to point 9; SC brings grid 28 up so that tube 5 
again passes current, discharging 12(7 and lowering the grid-7 
potential. Tube 7 turns off and tube 8 turns on, picking up 
relay A ; voltage returns across solenoid B to let it hold its plunger 
after the marking roller has turned. This whole chain of events 
takes place in part of a second; it resets tube 4 ready for the next 
phototube signal.* 

22-10. Time Delay for Marker. — If the tinplate strip moved 
always at the same speed, a simple time-delay relay could mark 
the strip at the right spot, by releasing the marking roller at 
a fixed time after the hole was ‘‘seen.^^ However, this machine 
must be able to mark the right spot, whether the strip is moving 

* Above tube 4, see how 20R and 9C can prevent tube 4 from firing again 
when contact A closes. Without 20R and 9(7, anode 23 remains at low 
potential when contact A opens; since point 24 rises, several hundred volts 
appear across the A contact. When A recloses, anode 23 suddenly rises 
this amount; through the anode-to-grid capacity within tube 4, this thyra- 
tron grid also receives a voltage rise large enough to trip tube 4 again. 
However, with 20/2 and 9C added, the opening of contact A instantly 
charges 9C to the several hundred volte across the contact; as this charge 
then leaks off through 20/2, the potential of anode 23 rises more slowly and 
does not produce a false tripping signal at the tube-4 grid. By the time 
contact A recloses, anode 23 is already at a potential cloise to point 84. 
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60 ft. or 900 ft. per minute. At the 900-ft speed, the roller must 
mark the strip much sooner than at lower strip speeds; a circuit 
is needed that decreases its time delay to match exactly any 
increase in strip speed. 

In the circuit below tube 6 in Fig. 22F, the pilot generator 
(or tachometer^s-i) is driven by the rolls that move the tinplate; 
the d-c voltage of this generator increases just as fast as the 
strip speed, and ‘Hells” the time-delay circuit how fast the strip 
is moving. This pilot-generator voltage is used in the grid cir- 
cuit of tube 6. When the strip moves slowly, this 6-to-7 voltage 
is small, or less than the steady voltage of the bias cells that keep 
the tube-6 grid negative. At this low strip speed, tube 6 passes 
little current; these electrons charge capacitor 12(7 (after a pin- 
hole turns off tube 5) by flowing through 24/2, the pilot generator, 
3672, 37/2 and tube 6. The voltage across 12C increases so 
slowly that the tinplate may move for several seconds before tube 
7 passes current and tube 8 drops out the marker solenoid B. 

However, when the strip is moving faster, the pilot generator 
produces more d-c voltage,* making point 7 more positive. This 
more nearly offsets the bias-cell voltage so that tube 6 passes 
greater current, f which charges capacitor 12C in less time; 
tubes 7 and 8 work sooner, so solenoid B lets the roller mark 
the strip sooner, which it must do to mark at the right spot. 

Resistors 36/2 and 37/2 help tube 6 to pass constant current 
during the entire charging of 12C. Since tube 6 is a triode, its 
anode current tries to decrease if its anode voltage (22-to-43) 
decreases. Notice that, when 12C begins to charge, the 4()-to-3 
voltage is small, so the tube-6 anode voltage is large; when the 
12C voltage has become greater, the tube-6 anode voltage is less, 
so tube 6 tries to pass less current. However, such a decrease 
of current also lowers the voltage drop across 36/2 and 37/2 and 
lets point 6 rise closer to cathode 43; this raises the potential of 
grid 59. Therefore, although the anode voltage decreases (to 
decrease the tube-6 current), the grid voltage increases (to 
increase the tube-6 current). As a result, the tube-6 current 
stays nearly constant, so that 12C is charged at a steady rate; the 

* At fastest strip speed, the pilot generator produces about 1(X) volts. 

t This current increases the voltage drop across 36/2 and 37/2 almost as 
fast as the pilot-generator voltage increases, so that grid 59 remains more 
negative than cathode 43. 
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potential at grid 7 rises steadily, so that marker solenoid B drops 
out at a time that is changed only by the strip speed. If the 
marker is placed closer to the phototubes, the resistance of 3Gi? 
should be decreased to make the marker act sooner. 

22-11. Long-distance Light Relay (CR7606-B100). — It is 
hard to make a phototube respond in daytime to a signal from a 
light that is a quarter of a mile away, unless a special kind of 
light signal is used. At such a distance, the amount of light from 
a signal is much less than the daylight; a phototube ^‘sees’^ only 
the total amount of light, so the weak signal is lost if it comes from 



a steady source of light. However, if the signal light has a beam 
that is chopped (turned on and off) about a thousand times per 
second, the light relay of Fig. 22G can ^‘see^^ that flickering light 
but is ^^blind” to the steady daylight. A motor-driven shutter 
chops the light beam before it travels the long distance to the 
phototube; we say that the light beam is modulated, and Fig. 22G 
shows a modulated-light receiver. This circuit responds to the 
weak rays of moduated light but does not respond to the strong 
rays of steady daylight. 

As long as the beam of modulated light shines on phototube 4 
in Fig. 22G, relay CR (upper right) is picked up. If anything cuts 
that beam, day or night, CR drops out; the CR contacts may be 
used to give an alarm. 

The a^c supply voltage (upper left in Fig. 22G) is rectified by 
tube 5 and filtered^®"^ by 2X and 13C, so that the rest of the circuit 
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operates from the d-c voltage between points 8 arid 6. If photo- 
tube 4 receives only steady light or no light, the voltage across 
resistor 4J? may be large or small; capacitor 2C becomes charged 
to this steady 4j? voltage and grid 10 is at the potential of point 
6. Tube 1 passes some steady current (and the voltage drop 
across 6/2 becomes the bias to keep grid 10 more negative than 
cathode 11). No matter what steady voltage exists between 
anode 12 and point 6, capacitor 6(7 becomes charged to this volt- 
age; then grid 16 of tube 2 is at 6 potential. In the same way, no 
matter what voltage exists between tube-2 anode 18 and point 6, 
capacitor 11(7 holds all of this voltage; no voltage remains 
between points 20 and 6, so there can be no current in tube 3A or 
resistor 15/2. Grid 22 of tube ZB is at 6 potential, which is seen 
to be more negative than the tube-3J5 cathode connected to point 
25 on the voltage divider (16/2, 18/2, 19/2); tube ZB passes no 
current and (7/2 cannot pick up. 

The circuit of Fig. 22G is designed to respond to a light beam 
that is modulated about 800 times per second. If some other 
light (flickering, say, 120 or 2000 times per second) shines on 
phototube 4, capacitor 2(7 and 6C may pass this signal to tube 2, 
yet tubes 3 A and ZB do not respond. To learn why, notice the 
reactor IX and capacitor 8C, through which any tube-2 anode 
current must pass; IX and 8C are of the right size to be reso- 
nant 2°' ® at 800 cycles per second. If the tube-2 current changes 
only 120 times per second, this current passes easily through 
reactor IX ; if the tube-2 current changes 2000 times per second, 
this current seems to pass easily through capacitor 8C. In either 
case, there is very little voltage drop between points 8 and 18, so 
the potential at 18 does not rise or fall very much, although the 
tube-2 current changes. 

22-12. The Modulated Light Works the Relay. — In Fig. 22(7, 
when the tube-2 current changes about 800 times per second (as 
when phototube 4 ^^sees'^ a light that flickers 800 times per 
second), this current cannot pass easily through either IX or 
8(7; the tube-2 current causes much greater voltage drop across 
them so that, as tube-2 rapidly turns off and on, the potential at 
point 18 rises and falls a large amount. These changes at point 
18 make capacitor IIC charge and discharge. When the poten- 
tial drops at point 18, capacitor IIC discharges and forces elec- 
trons to flow from point 20 through 14/2 to 6, through 11/2 and 
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tube 2 to point 18. However, when point 18 rises, capacitor llC 
charges and draws electrons from negative point 6 through 15/^, 
tube 3i4., 137? to points 20 and 18, and through IX to positive 
point 8. This charging current causes a voltage drop across 
resistor 15ff; capacitor 12C becomes charged to this voltage. 
(Tube 3 A acts only as a diode valve.) Notice that 12C becomes 
charged only while 11(7 is charging; while 11(7 discharges, 12C 
holds most of its own charge, since 15/2 has too great resistance 
to drain away much of the 12(7 voltage in so small a part of a 
second. 

This charge in 12(7 forces point 22 more positive than point 6; 
when 12(7 is charged, grid 22 of tube 3B rises, so that current flows 
in tube 3B and the coil of (7/2. In this way, CR is picked up 
whenever the tube-2 current is changing about 800 times per 
second, for then point 18 rises and falls, ^ ^pumping’' a charge into 
12(7, which turns on tube 3B. If the light beam is broken for 
even }{oo sec, 12C discharges through 15/2, so that CR drops 
out. 


Questions 

True or fahef Explain why. 

1. In Fig. 22i?, there is voltage across SR whenever selector contact X 
is closed. 

2. At any setting of 22R in Fig. 22Ej relay CR may respond to .slow 
changes of light at tube 2. * 

3. Screen-grid current flows whenever the screen is more positive than 
the cathode. 

4. In Fig. 22E, tubes 2 and 3 are capacitor coupled. 

6. In Fig. 22E, only one electrode of tube 3 has constant potential. 

6. In Fig. 22E^ if 2R or 5C is shorted, tube 3 cannot turn on tube 4. 

7. In Fig. 22F, after the firing of tube 4 turns off tube 5, tube 5 passes 
current a little later even if contact A does not open. 

8 . In Fig. 22(j, phototube 4 responds only to the changing light. 

9. In Fig. 22G, if SC and lA" are replaced by resistors, the whole circuit 
may respond to daylight. 

10. In Fig. 22G, current flows in 9R only when 4(7 charges or discharges. 

11. In Fig. 22(j, capacitors 1C, 4C, 5C and IOC can be removed without 
changing the circuits^ response to the light beam. 

12. In Fig. 22C, the voltage across 1612 is the grid bias of tube SB. 
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High-speed light relays (like those of Chap. 22 but having 
more circuits, as described below) may be used to control the 
printing or cutting of paper as it comes off large rolls.* This 
‘‘web^^ of paper already has some marking; more printing or 
cutting is to be done so that the new design or cut will be made 
exactly in step with the earlier marking. At each instant when 
the moving paper web is in correct position, the web is ''in 
register” — the new design or cut is made exactly right. Other 
light relays may keep strips of paper or metal in line, from side to 
side, so that they may be slit accurately or wound into rolls 
having smooth edges; these are side-register controls. 

23-1. Two-way Register Control. — The equipment whose cir- 
cuit is shown in Fig. 23 JS gives "two-way” correction; it can 
either move the web farther ahead or delay the web so that the 
printed design is kept in step with the wrapper or the cutoff knife. 

This printed design is usually in sections and must be cut 
between these sections. With such a unit design, it costs less to 
print on a continuous web of paper than on separate precut 
sheets; it is hard to handle certain stocks (such as cellophane) 
unless web printing is used. Such web stock is printed and then 
wound on a roll, to be fed later into the packaging or bag-making 
machine; there is no definite "tie-in” between the timing of the 
printed design and the timing of the drive roll that feeds the web 
into the machine. Therefore, if the feed-roll travel (per machine 
revolution) differs slightly from the spacing of the printing on the 
web, the knife will soon cut into the printed design. Even though 
the error of each cut may be only } loo inch or of 1 per cent, 
after cutting 500 sheets the cut will occur in the middle of the 
printed design rather than at the end — and it requires a very short 
time to make 500 cuts on a high-speed packaging machine. 

* As examples, the printing of newspapers and magazines in several 
colors; high-speed paper-bag-making machines or package-wrapping 
machines using printed paper; the perforation of sheets of postage stamps. 
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It is hard to keep this register even by using the exact calcu- 
lated gear ratio between the cutter and the feed roll; several 
things change, such as the slippage, the tension applied to the 
paper, and the stretch or shrinkage of the paper, caused by vary- 
ing moisture conditions in the air. These changes may add up so 
that each successive cut is made with a greater error. To reduce 
these spoilages and produce a more uniform product and also to 
increase production b}^ allowing higher machine speeds, the 
photoelectric web-register control is used. 

A packaging or bag-making machine equipped for handling 
a printed web should, therefore, have a way to change the speed 
of the feed or draw roll, as compared to the speed of the turning 
knife that cuts the web. There must also be some way to tell 
whether the printed design is in exact register with the cutter. 
This can be done well by using a photoelectric tube to “see’’ the 
printing and to compare its relative position with that of the 
cutter. 

With the aid of Fig. 2ZA let us see how a high-speed photoelec- 
tric relay is used with a mechanical arrangement to operate as a 
web-register or cutoff-register control. Paper from a large roll 
is fed into the wrapping and cutoff machine at high speed. The 
design already printed on the paper must be made to line up 
(usually within to 3^^4-inch) with the edge of the package or 
with the cutoff device; this is done by the photoelectric register 
control, while the printed web moves past. This photoelectric 
equipment, whose circuit is discussed later, must respond to a 
printed spot perhaps 3>^^-inch (measured in the direction of travel) 
by J^-inch wide, moving past the “electric eye” (phototube) at 
speeds from 150 to 1000 ft per minute. To “see” this spot, 
which passes in approximately J^ooo the photoelectric relay 
must be able to respond to these very rapid changes of light. Let 
us see how the phototube uses these rapid changes of light and 
makes the equipment give the necessary correction. 

Figure 23A shows the paper with its printed register spots 
moving beneath the phototube and light source to the cutter, 
turning at constant speed. To this cutter is coupled a two-cir- 
cuit rotary selector switch, which is closely lined up with the 
position of the cutter. Whenever the light is decreased at the 
phototube, an amplifier tube 2 gives a correction signal. To 
cause a correction, this signal must also pass through the selector 
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switch, which has the choice of firing either one of two thyratrons. 
One thyratron relay increases the web speed for correction (by 
external circuits not shown) and the other thyratron relay 
decreases the web speed for correction. 

In part A of Fig. 2SA we see that neither correction is applied, 
for here the cutter is cutting the paper at the proper times and 
no correction is needed. Note that amplifier tube 2 still gives its 
signal but the rotary selector switch is in an open-circuit position 
and neither thyratron relay is energized. Part B shows the con- 
dition when the register spot arrives late at the cutter. Notice 
that the signal from tube 2 now passes through the selector switch 
so as to fire thyratron tube 4. This tube closes its relay, causing 
a correction that moves the w eb ahead and increases the speed of 
the feed roll. This correction continues until the spot and the 
cutter are in register and the conditions become like those show^n 
in part A. Part C shows the conditions when the spot arrives 
before the cutter is ready. Here we see that the other thyratron 
5 is fired, and its relay causes a correction that moves the web 
back and decreases the speed of the feed roll until the desired con- 
dition of part A is again obtained. Remember that the paper 
and the cutters and the selector switch are moving at high speed. 

23-2. Cutoff-register Control (CR7606-W2A). — The complete 
circuit of this photoelectric register control is shown in Fig. 2ZB. 
This circuit includes several parts that we have already discussed. 
We find that this equipment furnishes its own direct current 
supply (upper left). The scanning head with phototube 3 and 
amplifier 2 is shown in the center. TH is an adjustable vacuum- 
tube time-delay relay (lower left) described in Sec. 6-7. 

Most of Fig. 235 is the same as Fig. 225 the circuit now 
includes tw'o thyratrons, 4 and 5. 

Although every dark spot passing the phototube makes a 
'Hurn-on^’ impulse occur at point 10, the rotary selector switch 
decides whether this impulse is ever used to trip a thyratron. 
When both contacts (X and Y) are open, the grids of tubes 4 
and 5 are at the negative potential at point 8. Contact Y is 
closed during the split second just before the dark spot is sup- 
posed to appear. If the spot appears early and produces the 
tripping impulse before contact F opens, the 'Hurn-on^^ impulse 
fires thyratron tube 5 and lets relay R give a retarding correction 
to the position of the printed web (by means of additional cir- 
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cuits not shown). If the spot appears exactly oil time, contact 
Y has already opened and X has not yet closed, so neither tube 
fires or produces any correction. If the spot appears later, con- 
tact X has now closed, so the ‘‘tum-on'' impulse reaches tube-4 
grid; relay A gives a correction to the feed roll, which advances 
the spot toward the correct position. 

The amount of each correction of the web depends on the 
length of time during which relay A or relay R remains closed; 
this, in turn, depends on time relay TR (lower left in Fig. 235; 
see also Fig. G^jT). Here we find tube 6 passing the current 



1 ici Photoelectiio-registei -control circuit (CR7505-W2A). 


necessary to energize TR so that its contact completes the circuit 
to relays A and R. This timer circuit of tube 6 differs from the 
usual electronic timer circuit, in that tube 6 is steadily passing 
current and contactor TR is picked up. 

If the printed spot becomes out of register, so that a thyratron 
fires and picks up either relay A or i2 to start a correction, we see 
that one of the normally-closed contacts A or R opens; this dis- 
connects 14/2 from point 2 and starts the time-delay action of TR, 

When TR drops out, its contact removes anode voltage from 
thyratron tul>es 4 and 5, and drops out contactor A or 5, stopping 
the corrective action. The R and A contacts again connect the 
grid circuit of tube* 6 to point 2, so tube 6 again picks up TR, 
However, during the short time when the TR contact was open, 
the grids of thyratrons 4 and 5 regained control, so that this tube 
circuit is reset to respond to the next corrective impulse. 



Basespeea^t LongT.C. Short TC. 

Fig, 23C. — Higher speed register control (CR7505-W110) 
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In addition to controlling the length of the correction applied 
to the printed web, this tube-6 circuit gives several protective 
advantages. Each time this equipment is placed in service, 
tube 6 prevents the closing of the anode circuit of thyratrons 4 
and 5 until their cathodes are heated and ready to pass load 
current. Tube G has a slow-heating cathode, so it does not pass 
enough current to pick up TR until the thyratrons are hot. 

If tube G fails, the circuit ^Tails safe,” for the TR contact pre- 
vents the thyratrons from firing. If the failure of tube 6 permit- 
ted the thyratrons to fire, any corrective action might continue 
until the web became broken or the machine was damaged. 

23-3. Higher Speed Web-register Control (CR7606-W110). — 
Wliile this equipment controls web register in much the same 
way as that described above, the circuit of Fig. 23(7 includes extra 
tubes and features so as to work better at high web speeds. In 
place of a rotary-selector switch, the cutter turns a disk (lower 
left) ; holes in this disk are arranged so that light beams strike 
phototubes 2 and 3 before and after the register mark dips the 
light at phototube 1. Tubes F, 4 and 5 act as signal lights to 
hel]) in adjusting the equipment. While Fig. 23B uses thyratrons 
to pick up relays for correction, Fig. 23C controls the field strength 
of a d-c generator (upper right) so that a d-c motor changes speed 
gradually, giving large or small corrections of the web speed as 
needed. This correction is made through differential gearing 
that can change the web si)eed by about 4 per cent. Unless the 
d-c correction motor turns, the web moves too fast; as the motor 
speed increases, the web speed decreases. At medium correction- 
motor speed, the web speed is just right. 

The speed of the d-c correction motor rises when beam power 
tube P i)asses more current. Transformer 2T and rectifier tube 
B (upper right in Fig. 23r) make these electrons flow from point 
3, through tube P and the generator field. More current in this 
field makes the generator give higher voltage, which runs the d-c 
motor at higher speed (for this motor^s field is steady, supplied 
through rectifier C and adjusted by 4G/i). Notice how this motor 
speed is controlled by hand if switch S is closed; one S contact 
(connects the control grid of tube P to point 3 (so that other tubes 
have no effect on tube F), and the upper S contact connects the 
screen grid to 4572. When 45/2 is turned clockwise, the screen 
potential rises and tube P passas more current, to retard the web. 
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All other tubes receive their d-c supplies from rectifier A 
(upper left); because of a filter^®"^ (3C, IX ^ 4(7 and 5C), steady 
d.c. appears between points 1 and 3, and between 3 and 2. 
Briefly, phototube 1 controls tube D and the control grids of 
tubes G and H; phototubes 2 and 3 control the suppressor grids 
of tubes G and H, Tube H controls tube J. When either G or 
J passes current, tubes K or L (lower part of Fig. 23C) act as 
valves, so that capacitors 17C and 18C become charged; this 
controls tube M, which controls tube P and the correcting motor. 
Now let us study this in detail. 

Phototube 1 and amplifier D are coupled through capacitor 
1(7 as explained in Sec. 22-3. Each dark register mark on the 
web dips the grid voltage of tube D; its anode current decreases, 
so point 6 rises quickly and the potential rises at all parts of 7R. 
This raises the control grids 87 of tubes F, G and II (which had 
been at a negative potential at 13F slider). Therefore, each 
passing register mark makes tube F ^^wink^’ and tries to turn on 
tubes G and H. * 

This 'Hurn-on” impulse is shown at A in Fig. 232); it will not 
turn on tubes G or H as long as the impulse occurs during ^'dead 
zone^^ B, During 77, the suppressor grids of tubes G and H are 
both so negative that neither tube can fire, even when the control 
grids are positive. (This is like the action of the selector switch 
in Fig. 23B, when both contacts X and Y are open.) 

The holes in the disk (driven by the cutter in Fig. 23C) are 
spaced so that no light reaches phototubes 2 or 3 during zone B. 
With no current through these phototubes, points 71 and 72 

* Tube F is an electron-ray or indicator tube, which shows a circle of 
green light. The left-hand side of F (in Fig. 23C) is a triode amplifier. 
When grid 87 of this triode is too negative, no electrons flow from 3, cathode 
to anode 53, or through 6F to point 1 ; points 53 and 1 are at the .same poten- 
tial, so electrons flow freely from cathode to right-hand anode 1 of tube F. 
These electrons strike all parts of the anode circle, making a green glow 
over the entire circle. Notice the electrode or wire below circle anode 1, 
connected to anode 53 inside tube F. When a signal voltage raises the 
potential of grid 87, current flows through 6F so that point 53 becomes more 
negative than point 1; capacitor IIC charges to this voltage across 67?. 
Since the electrode is more negative than anode 1, it repels some of the 
electrons away from the circle; a dark wedge, or shadow, appears in the 
green circle. When grid 87 rises for an instant, the shadow wedge appears, 
then gradually closes again as 11(7 discharges through 67?; the “magic eye’^ 
seems to wink. 
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(grids of tube E) are at cathode potential 3, sd tube E passes 
current through both 4/2 and 5R; anode potentials 31 and 32 are 
low. Suppressor grids 61 and 52 are about 50 volts negative, near 
point 59 on 14/2. 

Earlier than zone B, a disk hole lets light reach phototube 2; 
current through 9/2 lowers grid 71, turning off the left-hand 
triode of tube E, Anode 31 rises, and 9C raises the suppressor 
grid 51 also,* as shown during zone G of Fig. 23D. Also, later 
than zone /?, a different disk ^ 

hole lets light reach phototube 

o x X,. — Hi n \ — 


hole lets light reach phototube I]_ 

3 ; current through 10/2 lowers Point 57^ I ^ J A J 

grid 72, so anode 32 rises and 

suppressor grid 52 becomes suppressor of G suppressor of H 

positive, during zone //. — Grid potentials in Fig. 23C, 

Neither of these actions turn 

on tube G or H, for the control grids are too negative to permit 
electrons to flow\ As long as signal A from the register mark 
stays within zone tubes G and H give no correction signal. 

23-4. Action to Slow the Web. — Suppose that the w’eb is 
moving too fast, so that the register mark produces signal A too 
early, as is showm in Fig. 23E. At A the control grid becomes 
positive while the suppressor grid of tube G is still positive; with 
both grids positive, tube G passes current and electrons flow from 
Control grids point 3 through tube G to 45 and through 

3 ! r — -,3 28/2 to point 1 . The potential at point 

" 5 7 V ^ 1 K a "1 LT" *^5 drops (turning on glow’ tube 4^^"®); 

capacitor 12 C, which w'as charged to the 

Fio. 23£:.--Giid poteii- voltage between points 1 and 60, tries to 
tials, spot arrmng early, discharge. Electrons flow’ from terminal 
()9 of 12r, through tube KK and 17/2, into capacitorsf 18C and 
17C, through 16/2, 15/2, 14/2, 13/2 to point 3, cathode to anode of 
tube G to point 45. These electrons charge 18C and 17r so that 


Control grids 
81 


h-H->52 


Fk.. 23A\-“Giid poten- 
tials, spot arriWng early. 


* The time constant^'^^ of 9C and 23/2 is about ^ sec*, so the voltage across 
9C changes little during zone G. 

t Although electrons may also pass through 18/2, 19/2 and 20/2, the dis- 
charge current of 12C changes so quickly that most electrons pass into 18C 
and 17C. The voltage between points 66 and 62 is divided by the sizes 
of 18C (0.02 mu f) and 17C (4 mu f), instead of by the resistors. Most of 
the voltage appears across 18r, little across 17C. This path (from 69 
through KK to 60) offers less resistance than the more direct path through 
21 / 2 , 
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point 66 becomes more negative than point 62. Notice that 62 is 
the grid potential of tube M, when there is no voltage across ISr 
and 17C. Grid 65 is driven more negative by part of this 66-to-62 
voltage. So when 18C and 17C receive this discharge current 
from 12(7, the tube-M anode current decreases through 38/?. 
This raises the potential at 48 (control grid of tube P) so that 
tube P strengthens the generator field, raising the d-c motor 
speed which slows the web. 

Each time a web-register mark arrives early, tube G passes a 
short impulse of current and discharges 12C into 18(7 and 17C. 
After the mark passes, the tube-6r current stops, so 12C is 
recharged by electrons flowing from point 2 through 16/2, 15/2, 
and tube K to terminal 69, vdth a return flow from 45 through 
28/2 to point 1. Tube K acts as a one-way valve around 21/2, to 
let 12(7 recharge favster, to be ready for the next correction signal; 
meanwhile the rectifier, or valve, action of tube KK prevents 17r 
and 18(7 from discharging back into 12(7. 

23-6, Action to Speed the Web. — When the register mark 
arrives too late, impulse A makes the control grids of tubes G and 
H positive, while the suppressor grid of tube H is also positive. 
Current passes through tube H and 29/2, so the potential at 70 
drops; this lowers the control-grid voltage of tube J (and fires 
glow tube 5). As the current through tube J and 30/2 decreases, 
the potential of point 46 rises; while capacitor 13(^'^ charges to this 
increased voltage, electrons flow from point 2 and l()/2-slider 
62 into nC and 18C, through 17/2 and tube L into 13C, with 
return flow from 46 through 30/2 to point 1 . This electron flow 
charges 17(7 and 18C so that they become more positive at point 
66; this makes grid 65 of tube M more positive than before, so 
tube M passes greater current. Grid 48 of tube P becomes more 
negative, so the generator field is weakened; the correction-motor 
speed decreases, thereby raising the web speed. 

After the register mark passes, the tube-// current stops, so 
tube J again passes current; capacitor 13C discharges to a lower 
voltage by making electrons flow from point 68 through tube LL 
to 2, through 16/2, 15/2, 14/2 and 13/2 to point 3, and through 
tube J to point 46. 

Let us study further the grouping of 17C across 20/2, and 18C 
across 18/2 and 19/2. Each time a late register mark fires tube //, 
the current that charges 13G also makes point 66 more positive 
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than point 62; most of this 66-to-62 voltage appe/ars across 18C 
(see footnote above). Moreover, the time constant^’® of 18C, 
18R and 19/2 is short (about sec), so that this large voltage 
across 18(7 decreases rapidly; each single firing of tube H gives a 
large impulse to tube M and the correcting motor, so the motor 
speed rises sharply but then quickly returns to normal. At the 
same time, each firing of tube H places a small charge on capaci- 
tor 17(7. The time constant of 17(7 and 20/2 is long (about 20 
sec), so 17(7 holds its charge. Figure 28F shows how, when tube 
H fires several times, the voltage across 17(7 builds up and holds 
grid 65 more positive than 62 for a long time; this lowers the 
correction-motor speed for many seconds at a time. We see 



Fig. 23F.- -I)iffc*ront time constants produce thfferent wel> corrections. 

that a voltage across 18C gives a sudden change of web position 
without much change of average web speed ; this is space 
correction. However, voltage across 17C/ gradually increases the 
web speed when a large number of register marks appear too late; 
this changes the correction rate. 

23-6. Light Signals Help Adjustment. — While the indicator 
tube F winks (see Sec. 23-3, footnote) each time a register mark 
causes the right change of light at phototube 1, tube 4 or tube 5 
glows only when the mark is out of register, and a correction is 
given. As long as tube G and H do not fire, their anodes 45 and 
70 are at the positive potential of point 1. Both grids of tube 
N (upper center of Fig. 23(0 fbe potential of point 56 (a 

slider on 12/2), which is more positive than N cathode 3. Both 
sides of tube N pass current; there is so much voltage drop across 
36/2 and 37/2 that points 78 and 79 are near the potential of point 
55. There is little voltage across tube 4 or tube 5; neither tube 
glows (for such vapor-filled glow lamps permit no current flow 
until the voltage across them is more than their arc voltage). 

When an early register mark fires tube (?, the point-45 poten- 
tial drops; 14(7 forces grid 74 more negative than cathode 3 for 
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perhaps Hooo sec. For this instant no current flows in the left- 
hand anode of tube N or in 36/J, so voltage 78-to-55 increases; 
tube 4 glows — a brief flash to warn that a correction is given to 
slow the web. A late register mark fires tube H and lowers point 
70; capacitor 15C forces grid 75 negative, so current stops in the 
right-hand anode and 3772. Tube 5 flashes the warning that a 
correction is given to speed the web. 

23-7. Side-register Control (CR7606-S119). — While a web- 
register control secs’’ printed marks pass lengthwise at high 
speed, a side-register control ‘‘looks” at the edge of such a web 
(of paper or metal) and “sees” only a small sidewise movement 
while the web is being wound onto a roll. When the web is 
lighter than the background, phototube 1 (Fig. 23G) receives 
more light if the web shifts toward one side, but it receives less 
light if the web shifts the other way. To keep the edge of the 
web from moving more than, say, ^^-4 inch sidewise, the circuit of 
Fig. 23G^ must respond to small and slow changes of light as 
the web shifts. No tubes in this circuit are capacitor coupled. 
Many refinements are added to protect this circuit from outside 
voltage dips. The d-c supply from rectifier tube 9 and its filter 
(IC, A, 2C), is further smoothed by voltage-regulator tube^°”® 
7, so that the voltage 62-to-3 is held constant at 150 volts. Tube 
2 is a pentode, whose filament current is held constant by bal- 
last^S'^® tube 8. Large capacitor 5(7 braces the voltage at grid 68. 
These all are described in Chap. 10. 

When phototube 1 “sees” the web shifting to one side, a d-c 
correction motor (upper right in Fig. 23(7) moves the entire roll 
sidewise, to bring the web edge back to the right place; this makes 
a smooth-edged roll. This d-c motor has constant field current : 
the motor armature voltage comes from an amplidyne genera- 
tor28-2 (driven at constant speed by an a-c motor). Beam 
power^"'® tubes 5 and 6 control the d-c fields of this generator 
so as to change the amount of voltage supplied to the correction- 
motor armature; in this way the d-c motor is turned in either 
direction or is stopped. 

Some one position of the web is “just right”; at this position 
the d-c correction motor must not turn. At this best position, 
phototube 1 receives a certain amount of light and sets the 
control-grid 10 voltage of tube 2; however, the amount of tube- 
2 anode current can be increased by turning 3R clockwise 
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(lowering the cathode potential of tube 2). At th^e right setting 
of 3/2 we shall see that tube 5 passes the same amount of current* 
as tube 6 passes; the current in amplidyne field F is equal to the 
current in field /2. These fields ‘‘buck/’ or oppose, so the genera- 
tor sends no voltage to the d-c motor; the motor does not turn. 

Let us see how phototube 1 controls tubes 5 and 6 and the d-c 
motor. When the web shifts and increases the light on tube 1, 
grid 10 rises and tube 2 passes more current; more electrons flow 
from 3 through 3/2, 32/2, tube 2 and 4/2 to the constant point 62. 



For awhile let us connect tube-2 anode 6 to the grid 67 of tube 3A, 
Greater tube-2 current lowers point 6 and grid 67, decreasing the 
current in tube 3 A. Notice that tubes 3 A and 3B are a “long- 
tailed pair“^^’ ®; less current in 3A lowers cathode 69, increasing 
the current in tube 3B. In this way, the lowering of grid 67 
raises the anode potential at 70, but low'ers the point-71 poten- 
tial. The grid-75 potential^ rises, turning on tube 5 and 
strengthening the F field; the grid-77 potential falls, turning off 
tube 6 and weakening the R field. Since field F is now so much 
stronger than the opposing field /2, the generator sends armature 
voltage to turn the correction motor, which moves the roll so 
as to decrease the light reaching phototube 1 . 

* The anode current of tubes 5 and 6 may be balanced further by turn- 
ing 18/^. 
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Tube 4 is an indicator to show what correction is being made. 
Unlike tube F of Fig. 23C (see Sec. 23-3, footnote), this tube 4 
has no triode amplifier. Instead, it has two deflecting wires, 
connected to points 70 and 71. Electrons flow through 15R and 
from cathode to circle anode of tube 4 and through ^(^R; the 
potential of the cathode 72 is not far from point 27. When tubes 
SA and 3 jB pass equal currents, points 70 and 71 are slightly more 
negative than anode 73; each deflecting wire of tube 4 repels 
electrons away from a small part of the green circle anode, so 
this ‘‘eye” shows a small shadow wedge on each side of the 
circle. When point 70 rises and 71 falls, the shadow near wire 
70 decreases, while the shadow near wire 71 becomes larger. 

23-8. More Antihunt Circuits. — Now let us include (between 
tube-2 anode 6 and tube-3/i grid 67) the resistors 6/i, 7R and SR 
and capacitor 3C. By turning 57? clockwise, the circuit is made 
less sensitive; the web shifts farther l)efore the correction motor 
responds. Opposite turning of 57? may cause such quick action 
by the correction motor, that the equipment “hunts” — the motor 
moves the roll too far to one side and then too far in the other 
direction. To decrease such hunting, part of the voltage between 
anode 6 and point 5 (fixed by the voltage divider 1 1 7?, 107?, 97? 
and 37?) is applied across 3C and 87?. When light increases on 
tube 1 and point G drops to a lower potential, the voltage across 
capacitor 3C does not change at once; grid 07 is forced negative 
(as though connected directly to anode 6) but it then returns more 
positive as 3C discharges through 87?. In this way, the d-c motor 
is forced to turn quickly at first, then it slows down or stops 
until the effect of its correction can be seen at phototube 1. 

Near the d-c motor in Fig. 236r, the circuit of 21/? and 4(7 also 
decreases hunting. Notice that 217? is connected to one side of 
the d-c motor armature. This armature terminal D is made more 
negative (by the amplidyne generator) when field 7? carries 
greater current than field F. When the field-7? current increases 
quickly, D becomes more negative so fast that capacitor 4C 
pushes grid 77 more negative, decreasing the current in tube 6 
and field /?. A second later, 4C has discharged through 217?, so 
that grid 77 returns to its earlier potential; the effect of 217? 
and 4C is to delay any sudden change of armature voltage, so 
that the whole circuit acts smoothly to give just the needed 
correction. 
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Questions 

True or false? Explain why, 

1. A diode acts like a contact that opens whenever the anode becomes 
more negative than the cathode. 

2. In Fig. 230, the signal at phototube 1 is amplified in five steps before 
it reaches the correction motor. 

3. In Fig. 23C, the two halves of tube E act as a “long-tailed pair.” 

4. In Fig. 23C, pentode G acts like a contactor whose coil receives voltage 
through two control contacts in series. 

5. When potential rises at the deflecting electrode of an electron-ray 
or indicator tube, the shadow increases. 

6. In Fig. 23C, if IIC is not used, the wink of tube F may not be seen. 

7. In Fig. 23C, if 28/2 burns open, tube 4 glows steadily. 

8 . In Fig. 23r, slider 3 on 13/? sets the grid bias of tube D, 

9. In Fig. 23(j, if tube 3 is removed, the shadows on tube 4 increase. 
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THY-MO-TROL— AUTOMATIC TUBE 
CONTROL OF D-C MOTORS 

The speed of a d-c motor is easily changed or controlled by 
tubes, as described in Chap. 15. Rectifier tubes permit the d-c 
motor to operate from a-c supply lines. Of greater importance, 



Fig 24A — Thy-mo-trol for a 2-hp d-c motor (CI17507-G) 


such a tube-controlled motor can respond to sensitive high- 
vacuum tube circuits, as next described. Such a system pro- 
vides the more accurate speed control and versatile motor 
operation that are needed by nKxlern machine drives. Figure 
24il shows a Thy-mo-trol used with a 2-hp d-c motor. * 

* The Thy-mo-trol circuit used with motors of hp or less is described 
m Chap. 25. 
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24-1. The Thy-mo-trol System. — A simple approach to this 
thyratron motor control is shown in Fig. 24 jB. The armature 
of the d-c motor receives its current through thyratron tubes 1 
and 2, while the motor field is supplied by tubes 3 and 4. (A 
similar circuit appears in Fig. 15D, described in Sec. 15-3.) The 
man watching the meters in Fig. 24B, is like the ‘^electronic con- 
trol unit’^ or “ brain of the system, described later. 

Thyratrons 1 and 2 are phase-shifted^®*^ by the a-c voltages of 
grid-transformer windings SST, so as tociiange the average volt- 
age across the motor armature. Thf"pr^ary PZT is in a phase- 



shifting bridge/®-^ controlled by the saturable reactor ASX, 
Recall (from Secs. 14-1 and 16-4) that this reactor is controlled by 
the amount of direct current flowing in its d-c ^vinding; this 
direct current depends on the setting of rheostat JR. 

In Fig. 24jB, we see that tubes 1 and 2 control the voltage 
applied to the motor armature, in much the same way as a motor- 
generator set (with Ward Leonard field control) supplies variable 
voltage to a direct-current motor. That is, if rheostat R is 
shorted and permits maximum direct current to flow and saturate 
ASX, then tubes 1 and 2 supply maximum average voltage to the 
motor armature, and high speed results. However, when R is 
turned clockwise, decreasing the direct current in ASX, tubes 1 
and 2 supply less average voltage to the motor armature, whose 
speed decreases. 
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The operator or man shown in Fig. 245, who watches a volt- 
meter and ammeter in the motor-armature circuit, turns rheostat 
R so as to hold the desired motor voltage (and speed), and keep 
the motor current within safe limits. In the brain of the 
Thy-mo-trol several tube circuits are used in place of this opera- 
tor, but the results are the same — (1) they ''watch '' the voltage 
across the motor armature; if the voltage drops even less than a 
volt, they cause an instant increase of direct current in ASX, 
causing tubes 1 and 2 to fire earlier in their half cycles, until the 
armature voltage returns to normal; (2) they "watch” the 
amount of motor-armature current; when that current reaches 
the preset limit (such as 150 per cent of rated full-load current) 
the direct current in ASX is decreased so that tubes 1 and 2 fire 
later, preventing any further increase in armature current. 

Many thyratron control equipments provide a wider range of 
motor speed (as much as 100 to 1) than can be obtained from 
changing the armature voltage alone. Instead of holding con- 
stant field as shown in Fig. 24B, many control equipments include 
grid-controlled thyratrons for the field supply, as well as for the 
armature supply. Circuits are added in the "brain” to control 
these field-supply thyratrons; we shall see that these adde^ field 
circuits are often duplicates of the armature-control circuits. 

24-2. A ‘‘Streamlined” Thy-mo-trol. — A complete Thy-mo- 
trol circuit is shown in Fig. 24C, We say "complete,” but we 
have omitted numerous protective resistors, grid-cathode capaci- 
tors, and even some of the complete circuits that ensure best 
performance. These will be added later. 

At the top of Fig. 24r are thyratrons 1 and 2, which supply the 
motor armature; tubes 3 and 4 supply the motor field. The 
lower portion of Fig. 24C is the electronic control unit, or "brain,” 
including all tubes marked by letter. All parts of this circuit 
operate on direct current, which is supplied by rectifier tube A 
(upper left). Let us first study this d-c supply of tube A, 
together with the left-hand portion of this "brain,” to see how 
it regulates the motor-armature voltage. These circuits are 
shown alone in Fig. 24Z). ♦ 

Here we recognize tube A and the filter,^®*^ consisting of IOC 
and reactor X; together these provide a d-c supply between 
points 4 and 7. However, the amount of this d-c voltage can be 
affected by changes in a-c supply voltage. For the sensitive, 
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balanced circuits of the ^^brain/' a closely regulal;ed or constant 
supply of direct current is needed; it is obtained by the use of 
voltage-regulator tubes B and Cr. The voltage-regulator tube 
used here contains neon (shown by its orange glow). Its type 
designation, (zL-TS-SO, shows that this tube maintains close to 
75 volts across it when passing current of less than 30 milli- 
amperes; this action is explained in Sec. 10-6. 

Because of regulator tubes B and G we may think of point 6 as 
a d-c bus that is always 75 volts more positive than point 7; 
point 5 is always 150 volts above point 7, or 75 volts above point 
6. Between 5 and 7 in Fig. 24Z) is a voltage divider®"^ (2/2, 3/2, 
4/2). Notice that this divider is not connected to point 6. 

24-3. Armature-voltage Control. — In Fig. 24D, A&X is the 
d-c winding of the saturable reactor that controls the phase 
shifting of armature tubes 1 and 2. This ASX d-c winding is in 
series with tube D, so tube 7) controls the amount of direct current 
flowing in ASX and, therefore, acts as does rheostat R shown in 
Fig. 24B. From now on, let us keep in mind that when ASX 
current decreases, the armature voltage likewise decreases. See 
now how tube D is controlled by tube C. 

When tube C is passing no anode current, the voltage drop 
across resistor 2/2 is caused entirely by current flowing through 
3/2 and 4/2. Under this condition, the resistances of 2/2, 3/2 and 
4/2 have been selected so that point 9 (grid of tube D) is near 
the same potential as point 6 (cathode of tube D) so that tube 
D passes maximum current through ASX (which lets tubes 1 and 
2 apply maximum voltage to the motor armature). If we now 
permit tube C to pass current (whose electrons flow from point 20 
on potentiometer 7F/2, through tube C to point 8, through 2/2 to 
point 5), this current increases the voltage drop across 2/2. 
When this happens, there must be a corresponding decrease in 
drop across 4/2; this causes the potential at point 9 (grid) to drop, 
so tube D decreases its current flow’ through ASX. Briefly, 
turning on tube C turns off tube D and thereby decreases the 
armature voltage. 

Tube C is the comparison tube or ‘‘ checker, which is told what 
armature voltage (speed) is desired; it then ^‘watches’' the arma- 
ture voltage to see that it is correct. The cathode of tube C is 
connected to potentiometer 7F/2, which is our means for setting 
the desired motor speed; the tube-C grid is connected to slider 22 



352 


ELECTRONICS IN INDUSTRY 


[Chap. 24 


on potentiometer 4F/2, which is not moved after it is once placed 
in service. Notice that this grid voltage, measured between 
points 22 and 7, is a fixed fraction of the voltage across the arma- 
ture itself. Suppose that this fraction is so that, with 200 
volts across the armature, the grid of tube C is 60 volts more 



positive than point 7. At the same time, assume that 7VR, set 
for the corresponding speed, holds the cathode of tube C about 
65 volts above point 7. Therefore, the grid is about 5 volts more 
negative than the cathode and tube C passes very little current. 
(Tube D therefore passes larger current, permitting tubes 1 and 2 
to supply as much as 200 volts average to the motor armature. 
Conditions are balanced.) 

To lower the motor speed slightly, you turn 7VR counter- 
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clockwise until the tube-C cathode is only 60 volts above point 
7. This action lowers the cathode potential by 5 volts. (This 
has the same effect as raising the tube-C grid potential by 5 volts. 
Remember that a tube is controlled by only the difference in 
potential between grid and cathode.) Tube C passes full cur- 
rent, turning off tube D. Tubes 1 and 2 may ‘^go out” entirely 
and pass no current for a moment while the motor slows down. 
When the armature voltage has decreased to say 185 volts, the 
tube-C grid potential has been lowered also; this partially turns 



Fig. 2AD. — Armature- volt age-control portion of Fig. 24C. 

off tube C, turns on tube D and again applies just enough arma- 
ture voltage to run the motor at the new desired speed. 

Notice how tube C delicately balances or compares the motor- 
armature voltage against the desired standard (as set by 77/2). 
If a dip in a-c supply voltage causes volt drop in armature 
voltage, it also causes a tiny drop at tube-C grid; meanwhile 
tube-C cathode remains constant (thanks to the voltage-regu- 
lator tube C). This tiny voltage unbalance makes the tubes 
instantly swing into action and return the armature voltage to 
normal. 

24-4. Field-voltage Control. — We have now studied the action 
of the armature-voltage-control circuit included at the left in 
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Fig. 24C. At the right is the field-voltage-control circuit; notice 
that it is a duplicate of the armature circuit just studied and 
operates from the same d-c supply (points 5, 6 and 7). It has 
the voltage divider 15/2, 16/2, 25/2. Tube CC balances the fixed 
portion of the field voltage (at 5F/2) against the desired field 
voltage as set by SVR, An increase of tube-C(^ current causes 
larger voltage drop across 15/2; the lowered potential at 17 
decreases the current of tube DD through saturable reactor FSXy 
and thereby decreases the voltage that tubes 3 and 4 apply to the 
motor field. 

While both tubes 3 and 4 may be thyratrons, each controlled 
by a S(ST winding, Fig. 24r shows tube 4 as a phanotron, having 
no grid. To vary the voltage supplied to the inductive load of 
the motor field, only one tube needs to have a grid (as is explained 
in Sec. 15-12). 

Notice that 7F/2 and 8F/2 are mounted on one shaft and are 
operated by a single dial. The right-hand half of 7F/2 is a 
dummy section of almost zero resistance; the same applies to the 
left half of 8F/2. Turned to their extreme left, these potenti- 
ometers cause minimum motor speed, for the armature voltage is 
almost zero but the field current is large (tube C is full ^‘on,” 
tube CG is all ‘‘off”)- Turning these potentiometers clockwise 
gradually increases the armature voltage but has no effect on the 
field voltage until the mid-point is reached. At the dial mid- 
point, the motor operates at base speed — full armature voltage 
and full field. Further turning clockwise has no effect on arma- 
ture voltage but gradually decreases the field voltage and cur- 
rent, thereby causing further increase in motor speed. Notice 
that resistor 3F/2 adjusts and limits how far the cathode poten- 
tial of tube CC can be lowered, and thereby limits the maximum 
motor speed. 

After a 5-min period needed for warming the thyratrons, a 
time-delay relay (not shown) lets tubes 3 and 4 pass current. 
This field current picks up FLR (field-loss relay, at the far right 
in Fig. 24C), whose contact is in series with the start button; the 
line contactor M cannot close to start the motor unless field cur- 
rent is flowing. {FLR does not close, to permit starting the 
motor, unless both tubes 3 and 4 are passing current.) 

24-6. Preventing Overvoltage. — There is one voltage control 
in Fig. 24C not yet mentioned. Suppbse that the motor is 
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operating at high speed, obtained by turning tlj^e speed-control 
(7VR and SFi?) clockwise so that the field current is reduced. 
If the speed dial is now turned suddenly (counterclockwise) to a 
lower speed position, this change at 87 jB increases the field cur- 
rent and the motor begins to slow down. The motor acts as a 
generator. With usual magnetic control the motor would ^^pump 
back^^ into the line; with tube control, the rectifier (one-way) 
action of the tubes prevents such pump-back, and therefore the 
voltage generated by the motor armature can become too high. 
To prevent this overvoltage, tube H is added in Fig. 24(7 (next to 
the field-voltage circuit). 

Notice that the grid of tube H is connected to resistors HR 
and 12/2, across which the voltage of the motor armature appears. 
As long as this armature voltage is less than 3(X) volts (for a 230- 
volt motor), the potential at point 13 (grid of H) is so far below 
point 6 (cathode of H) that tube H passes no current. However, 
w^hen excess armature voltage occurs (as under conditions just 
mentioned), the increased voltage across 12/2 raises the grid 
potential (point 13) so that tube H passes current (electrons 
flow’ from point 6, through tube H and 15/2 to point 5). This 
current increases the voltage drop across 15/2, low ering the grid 
potential (17) so that tube DD decreases the current in FSX\t\im 
reduces the field current (although it opposes the action of 8F/2 
and tube CC) so that the voltage generated by the motor is held 
within safe limits. 

24-6. Current Control. — All the armature-control circuits 
this far have acted like the operator in Fig. 24/?, w’hile he looks 
only at the voltmeter. Since this ^ ‘ brain must be able to con- 
trol armature current, we must provide something to act like the 
ammeter in Fig. 24/?, to indicate the amount of armature current. 
Therefore, in Fig. 24C w’e place a primary w’inding P^T just 
above tube 1, and a duplicate PAT above tube 2. These 
are windings of a current transformer, whose secondary SAT is 
at the center of Fig. 24C. When current flows through tubes 
1 and 2 (one half cycle through tube 1, the next half cycle through 
tube 2), a corresponding amount of alternating current flow’s in 
SAT] tube F rectifies this current into a pulsating direct current, 
so that electrons flow from the center tap of SAT, and up through 
2VR, 26/2, IV R and tube F, When no current flows through 
tubes I and 2 or the motor armature, there is no current flowing 
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in S4:T, tube F, IVR or 2VR; all parts of that circuit are then 
at the potential of point 7. 

24-7. Limiting the Motor Current. — When current flows 
through S4:T and tube F (increasing as the armature current 
increases), this current produces a voltage drop across 2QR; the 
potential rises at all parts of IFF, thereby raising point 11 
(the grid of tube E and tube EE). This is the current-limit^^ 
circuit and this is the way it w^orks. For example, IFF is set 
at a point which may permit 150 per cent of rated armature 
current. As long as the armature current is less than this 
150 per cent, there is not enough voltage drop across 26F to 
raise the potential at 11 high enough to cause tube E or EE to 
pass current. 

However, with more than 150 per cent armature current, both 
E and EE come into action, to prevent any further increase in 
this current. Additional current passes through tube E and 
2F; this louvers the potential at 9 (grid of tube D) and decreases 
the current through A>SX (decreasing the armature voltage so 
that the armature current also decreases). But notice the 
opposite action of tube EE — we do not w^ant it similarly to 
decrease the field voltage, for that would increase the motor 
speed and draw additional armature current. Instead, EE is 
connected so that its current passes through 25F,* the increased 
voltage drop across 25F raises the grid potential 17 of tube 
DD and increases the amount of field voltage and current. 

Both tube E and tube EE now act in the right direction; too 
much armature current causes tube E to turn off tube D (to 
decrease the armature voltage), but causes tube EE to turn 
on tube DD (to increase the field current). Note that point 
17 (cathode of tube EE and grid of DD) is more negative than 
point 6 (cathode of tube E). Therefore, when increased arma- 
ture current raises the potential of 11 (grids of E and EE), 
tube EE conducts first and applies full field before tube E reduces 
the armature voltage. 

It appears as if a large number of vacuum tubes were used in 
the circuits of Fig. 24C. However, there are not so many sepa- 
rate tubes as the number of tube circles would indicate; tubes C, 
Z), E and F are duplex tubes, and each of these tubes iniiudes 
the working parts often found in two separate tube enclosures. 
Tube C includes in its one enclosure all the parts marked C and 
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CC; it is a duplex triode, which includes two separate three- 
element structures. Tubes D and DD are contained in one tube 
enclosure. Similarly, tube E includes EE as well, while F and 
H are together. In addition to the armature and field thyra- 
trons, a total of seven separate small tubes is required to perform 
all the operations of the control system of Fig. 24C; they work 
as if they were 11 small tubes. 

24-8. Constant Speed with Changing Load. — Another impor- 
tant feature of the thyratron-control system remains to be 
described — its ability to keep the motor at constant speed, 
regardless of changes of motor load. This is more than we expect 
of a standard d-c motor operating from a constant-voltage supply. 
Even with constant armature voltage, we know that the motor 
speed usually changes when the motor load changes, because of 
the internal voltage drop {IR drop) of the motor. However, if 
we can increase the armature voltage a certain amount to match 
each increase in load, the motor speed can be held quite constant. 
The system includes a speed-drop adjuster (also called ‘‘//?-drop 
compensator^^), which can automatically increase the armature 
voltage as the load increases. By proper adjustment of poten- 
tiometer 2VR (shown at lower center of Fig. 24C) the armature 
voltage is raised just enough to offset the motor\s natural desire 
to slow down under the increased load, as explained next. 

We have already seen that tube C calls for a correction of 
armature voltage if there is any change of potential at its grid 
(22). In Fig. 24Z> any slight decrease in armature voltage also 
decreases the grid potential of tube C; this makes tubes D, 1 
and 2 act to increase the armature voltage. If we can cause this 
tube-C grid potential to drop also whenever the motor load 
increases, tube C will cause the armature voltage to increase and 
prevent speed drop. 

Returning to Fig. 24C, notice that the tube-C grid is connected 
to potentiometer 4F/i, which is part of a group of resistors con- 
nected between points 24 and 26. If we turn 2VR (the speed- 
drop adjuster dial) upward, so that its slider touches at point 7, 
then there is no voltage across 4C; point 26 is then at the same 
potential as 7, which is the lower terminal of the motor armature. 
With such a setting of 2VR, the grid of tube C ^Svatches’^ only 
the motor-armature voltage, as we explained previously; it 
maintains constant armature voltage, regardless of motor load. 
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However, if 2VR is turned clockwise, so that a voltage appears 
across 4C, this 4C voltage has an added effect on tube C. 

The voltage across 2VR changes as motor load changes; it is 
caused by the current flowing in S4:T and tube F, as has been 
already mentioned. ® Notice that this current through 2VR 
makes the slider of 2VR more negative than the top, point 7. 
This 2VR voltage contains ripples (for it is merely rectified a.c.), 
so the large capacitor 4C acts as a filter to remove the ripple from 
the voltage between points 26 and 7. 

As the motor load increases and the voltage across 4C increases, 
the potential at point 26 is lowered; therefore, the potential at 
22 (grid of tube C) is lowered also. Briefly, as armature current 
(motor load) rises, the potential at the slider of 2VR becomes 
more negative by a similar amount; this lowers the grid potential 
of tube C, which (through tubes Z>, 1 and 2) causes the armature 
voltage to increase. By proper adjustment of 2 FT? (speed-drop 
adjuster) this increased armature voltage will hold constant 
motor speed, despite changes in load. 

To reverse a direct-current motor, the thyratron-control sys- 
tem uses forward’^ and ^‘reverse” contactors in the armature 
circuit, as shovm in Fig, 24E, 

When using ordinary d-c supply, we do not try to ‘^plug'' 
or stop a motor by reversing its armature leads, for we know 
that the inrush of armature current is too great. With the 
Thy-mo-trol system, such reversal is used, for the current-limit 
circuit is automatic; it reduces the armature voltage so that the 
inrush current remains within the desired limit. 

24-9. A Complete 1-hp Thy-mo-trol (CR7607-G146). — The 
entire elementary diagram is shown in two parts. Figure 24E 
includes the motor with its armature- and field-supply tubes, 
phase-shifting bridge circuits and control station. The elec- 
tronic-control unit, or brain, appears in Fig. 24F. Notice 
five wires that bring armature and field voltages from the motor 
into the ^‘brain”; transformer secondaries S2T and SAT appear 
in Fig. 24F, while their primaries are in Fig. 24F. 

All the parts studied in Fig. 24(7 appear again in Figs. 24E 
and 24F. When the a-c supply circuit is closed, transformer IT 
applies anode voltage to tubes 1, 2, 3 and 4; a winding SIT 
furnishes 115 volts for the control station (right-hand side of 
Fig. 24F). Transformers 2T and 3T furnish filament voltages 
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to heat the tubes. The tap switch at one end of PZT must be 
set so that tubes 1 to 4 receive correct filament voltage, to give 
proper operation and long, tube life. 

Until TR finishes its 5-minute delay, notice that the TR con- 
tact disconnects one side of saturable reactor FSX ; this prevents 
grid transformer QT from firing tube 3, so there is little field 
current.* When TR contact closes, both tubes 3 and 4 fire, 
and the field current picks up field-loss relay FLRj whose contact 
closes in the push-button circuit. (Contact ICR is already 
closed, since ICR is picked up through the normally-closed con- 
tacts of motor contactors F and R, at the left in Fig. 24F.) If 
overload relay OL is closed, the motor may be started by either 
the Forward’^ or the Reverse^’ button. When the ^'For- 
ward” button picks up F (w^hose F contact seals around ICR 
and the button), two F contacts connect the motor armature to 
the positive (point 24) and negative (point 7) terminals of the 
rectifier (tubes 1 and 2). The motor speed rises to the amount 
set by the speed dials {7VR and 8VR in Fig. 24F); even if these 
dials are set at a high-speed position, the motor comes to this 
speed without drawing more current than is preset by the 

current-limit^^ dial IV R (at the right in Fig. 24F). 

24-10. Starting the Motor. — To see how the motor-starting 
current is controlled, we must study several added circuits (not 
sho^vn before in Fig. 24C). Near the center of Fig. 24F, notice 
tube FF and the contacts of F and R above it. Before either 
button is pushed, these F and R contacts are holding the tube-F 
grid at the potential of point 45 (midway beUveen positive bus 
5 and terminal 24 of the armature rectifier). Even if the arma- 
ture-supply voltage (24 to 7) is very small, point 45 is more 
positive than cathode 6 of tube E, The circuit through these 
F and R contacts keeps tube E passing current so that tubes 
D, 1 and 2 are turned off; point-12 potential is also kept high 
so that tubes EE and DD cause full field current. 

When starting the motor, contact F or R disconnects the 
tube-F grid 11 from point 45. The potential of point 11 now 
drops, for it is connected through 6R and 23/2 to slider 37 (far 
right in Fig. 24F). Until motor-armature current flows, S4:T 

* Although tube 4 passes anode current as soon as its cathode is hot, 
this current is very small compared with the current that may pass when 
tube 3 also fires (see Secs. 14-4 and 15-12). 






Fig. 24F. — Circuit of l-ho Thv-mo-trol (CR7507-G146'). 


362 


ELECTRONICS IN INDUSTRY 


[Chap. 24 


and tube F produce no voltage across IVR and 267?, so point 
37 is near the potential of point 7 (which is 75 volts below cathode 
6 of tube E). If grid 11 should approach this low potential, 
tube E would be turned off, tube D would be turned on,* and 
tubes 1 and 2 would permit a large inrush of current to the motor 
armature. To prevent grid-11 potential from dropping too fast, 
we. add capacitor IIC and 57? between grid 11 and anode 8 of 
tube E, The voltage across IIC must change before grid 11 
can change potential; llC lets the grid-11 potential drop slowly, 
so that tube D turns on slowly and the armature current increases 
smoothly. Within ^{0 sec this armature current (acting through 
transformer 4T and tube F) raises the potential at 1F7? slider 
37 high enough to prevent further drop of grid 11; after that, 
the ‘‘current-limit^’ control at 1F7? has full effect. 

Notice how 1 1C may cause an unwanted delay if the motor load 
suddenly increases; this delay is offset by adding tube FF. 
Without FFj suppose that there is very little load on the motor; 
with little armature current, there is little voltage across 1F7? 
and 267?. Grid 11 of tube E has reached a low potential at 
point 37, so lie has charged to the large voltage between points 
8 and 37. If the motor is suddenly loaded, the armature cur- 
rent can rise too high before tube E can be turned on to limit the 
armature current; this is because grid 11 has been at too-low 
potential and can rise to turn on tube FI only after llC has lost 
much of its charge. However, tube FF acts as a “snubber” 
(as is explained in Sec. 17-14) to prevent grid 11 from reaching 
such low potential. Since grid 53 of FF is held about 18 volts 
below point G, FF has no effect as long as grid 11 remains near 
or above point 6. But when grid 11 drops to 12 or 15 volts 
below 6, the cathode of FF is now so near the potential of grid 
53 that tube FF passes current; these electrons flow from point 7 
through 267?, IFT?, 237? and 67? to point 11, through tube FF 
to point 6. Enough voltage drop appears across 237? and 67? 
so that grid 11 is held within 15 volts below cathode 6 — just 
low enough to cut off the current flowf of tube E. When stop- 
ping or reversing the motor, contacts F and 7? again connect grid 

* Here we assume that dial 7 Fi? is in a high-speed position, so that tube C 
passes no current. 

t Because of FF, tube E may he prepared at all times quickly to limit the 
armature current; for this reason, FF has been called the Boy-Scout tube.” 
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11 to point 45; tube E (helped by tube FF) turns^on quickly, to 
prevent a large plugging or reversing current, as is described 
later. 

Notice other contacts of F and R above tube CC (right center 
of Fig. 24F). Before the motor starts, these contacts connect 
cathode 33 to high potential G, so that tube CC passes no current; 
tube DZ> passes full current to cause full field strength. When 
the motor starts, another F or R contact connects cathode 33 to 
the slider of SVR; if 8VR is set (clockwise) at a high-speed posi- 
tion, cathode 33 is now at low potential and CC passes current 
through 15R, trying to weaken the field. However, CC has 
little effect as long as high armature current keeps tube EE turned 
on. 

The tube-C circuit includes 2C and 7R to decrease hunting;^^”^® 
tube CC uses 7C and 17R while tube EE has 9C and 21i2. For 
example, if the slider of 7VR is moved quickly to raise the motor 
speed, tubes C and D may respond so fast that the speed may 
not change smoothly. However, 2C is charged to the voltage 
between tube-C anode 8 and grid 22. When 7VR quickly 
raises cathode 20, anode-8 potential also rises; since the voltage 
across 2C cannot change instantly, the rise at 8 causes a rise at 
grid 22. For an instant, grid 22 keeps tube C passing current; 
as 2C charges, grid 22 slowly turns off tube C. In this way 
the unwanted swings of current are decreased. 

Grid 22 of tube C receives voltage from 4Fi?, which (with 9R 
and lOR) is connected to the rectified output of tubes 1 and 2. 
Since this voltage contains sine-wave ripple, capacitor 3C is 
used to filter this voltage so that only d.c. appears between grid 
and cathode of tube C. 

24-11. Slowdown by Dynamic Braking. — Pushing the stop but- 
ton in Fig. 24:E drops out both F and R contactors; this dis- 
connects the motor armature from tubes 1 and 2, so the motor 
coasts to a stop. However, other F and R contacts now connect 
the armature across a braking resistor; the fast-turning motor 
acts as a d-c generator, forcing current through DBR, This 
quickly brings the motor to rest. The -amount of this braking, 
or slowdown, depends on the amount of DBR resistance and the 
strength of the motor field; with no field current, the turning 
motor cannot generate — it merely coasts. 

To prevent too-high armature voltage while the motor drops 
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to a lower speed, tube H responds to high armature voltage 
24-to-7 (because of its grid connection through 40i2, 11/2 and 
12/2), and then weakens the field. However, when both 
contactors F and R are dropped out (as when the motor is stop- 
ping or reversing), the voltage generated by the motor armature 
does not reach point 24. The n-c F and R contacts connect 11 
to 45, turning on tube so that tubes 1 and 2 supply little 

voltage 24-to-7. Other F and R contacts connect 33 to 6, 
turning off tube CC; this lets tube DD turn on tubes 3 and 4 
and strengthen the motor field. To prevent too much field 
strength, (which might let the sloA\ing armature generate high 
voltage across DBR), the ends of DBR are connected to anodes 
of tube J (center of Fig. 24F). The voltage between either end 
of DBR and its mid-point 7 now forces electrons to flow from 7 
through 2VR and 12/2 to point 13, and then through tube «/. 
If the motor produces high voltage across DBR, a large voltage 
appears across 12/2 and raises grid 13 of tube H so as to weaken 
the field, keeping lower armature-generated voltage. 

24-12. Waveshapes of Armature Voltage. — Before watching 
the action of relay ICR or tube II H, let us see what voltage is 
applied across the motor armature, at various speeds and motor 
loads. In (a) of Fig. 21Cr, the ^^Forward’^ contactor closes; 
at once tubes 1 and 2 fire, very late in the half cycles of anode 
voltage. The heavy jagged line in Fig. 24G^ shows the waveshape 
that might ai)pear on an oscilloscope* connected between termi- 
nals 24 and 7 (of Fig. 24/i^) — the voltage a})plied to the motor 
armature. 

As the armature turns, it generates a d-c voltage, which appears 
as a horizontal line (at L in Fig. 24G) during the time when 
tubes 1 and 2 are not passing current. This L voltage increases 
as the motor speed rises. Parts of the a-c voltage wave (from 
anode transformer 17^) appear on the oscilloscope only during 
those parts of the cycle when tubes 1 and 2 are firing; at such 
times the tubes connect the transformer to the armature — at 
other times the oscilloscope show^ only the d-c voltage generated 
by the motor itself. In (b) of Fig. 24G the motor is turning at 
medium speed, so its generated d-c voltage (called the counter 
emf) may be half the height of the available 17^ a-c voltage wave. 

* The oscilloscope must be arranged to indicate d-c voltage. See. 
footnote, p. 416. 
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At this speed, if the motor is loaded, tubes 1 and 2 must fire 
fairly early in each half cycle to let enough armature current 
flow to run the motor. At B the tube fires; however, only the 
voltage M can force current through the motor, for the rest of 
the a-c wave is opposed by the motor^s generated voltage. N otice 
that armature current may flow, even after the a-c voltage has 




Fiu. 24(/. Waveshapets of armature voltage and iMirrent of d-c motor supplied 

through thjratrons. 


reversed, for the energy (stored in the armature inductance by 
the flow of current) keeps the tube firing until the current has 
decreased to zero.^^”^ With less load, the tubes fire later (at C) 
and the armature current flows for a smaller part of each half 
cycle. Without load, the motor needs so little current that the 
tubes need not fire until D\ here the oscilloscope picture is a 
straight line with a tiny jagged mark — a very small portion of 
the a-c voltage wave. 


366 


ELECTRONICS IN INDUSTRY 


[Chap. ,24 


At high speed, (c) of Fig. 24(? shows the high position of the 
straight line of d-c armature voltage. Only the voltage N 
(higher than the d-c generated voltage) can force armature cur- 
rent to flow. If the motor carries heavy load, the tubes must 
fire early (at A), so that armature current flows most of the time. 
At lighter loads, the tubes tire later (at B or C). 

If we turn the speed dial (7VR in Fig. 24F) to a lower speed 
position, the tiring of tubes 1 and 2 is delayed until late in the 
half cycle, shown at F in (d) of Fig. 246\ While the motor 
coasts* to a lower speed, the oscilloscope shows only the hori- 
zontal line of d-c voltage; this line gradually falls to a lower level 
as the speed decreases. When this d-c voltage reaches a low 
level, the tubes again tire, as shown at the far right in (d), to 
keep the motor turning at low speed. 

24-13. Reversing the Motor; Inverter Action. — With the motor 
running in the forward direction, suppose that the Reverse’^ 
button is pushed; this drops out F and picks up Rj while the 
armature still is generating voltage. In (c) of Fig. 24G, the 
first half cycle shows the motor running forward at part speed, 
and E is the voltage generated by the motor. The voltage 
difference N is forcing armature current to flow, when tube I 
tires (shown at (?). 

When the Reverse button (in Fig. 24i?) is pushed, the 

Reverse contactor connects the armature to the rectifier 
in the opposite direction; generated voltage E now adds to the 
a-c anode voltage, so that the total voltage F will force armature 
current to flow when tube 1 tires. If tube 1 now is permitted 
to fire at this same point G, notice the large current Q, which 
may damage the motor. Ry the delaying of the firing point of 
tube 1 until C, this current is decreased. Yet this current R 
is much greater than the current shown in (6), where tube 1 is 
fired also at this point C. With the motor reversed in (c), cur- 
rent flows through tube 1 and the armature in the same direc- 
tion as before (for current R is above the zero line). However, 
even after the a-c voltage of anode transformer 1 T has become 
negative, voltage S still can force armature current to flow. 

* Faster slowdown is gained if another tube is added (in the “brain*’ of 
the Thy-mo-trol, but not shown), which lets contactors F and R drop out, 
connecting the armature across DBR until the motor reaches the desired 
speed. Then contactor F or R recloses. 
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Later than point T, armature current flows until the energy in 
the armature inductance is used. 

Before the ‘^Reverse” contactor picks up, suppose that we 
further delay the tube-1 firing point until F, near the end of the 
positive half cycle of anode voltage (lower right in Fig. 24(?). 
During F, current flows through tube 1 and the armature in the 
same direction as during U. However, during F, this current 
is flowing during the negative half cycle of anode voltage — 
here energy is flowing from the motor armature, through tube 1 
into anode transformer \T and the a-c supply line. A half cycle 
later, tube 2 likewise fires late at F and lets the armature-gen- 
crated voltage force energy into the a-c line. In this way, this 
rectifier circuit acts as an inverter, changing direct current 
(generated by the armature) into alternating current. This 
action loads the armature so that it quickly stops. At once 
it may turn in the reverse direction and reach the speed set 
by IVIL 

24-14. Time Delay before Inverter Operation. — Part (e) of 
Fig. 24(j shows the need for delaying the firing point of tubes 
1 and 2 during a reversing operation. This phase shift results 
when the F and R contacts (above tube FF in the center of Fig. 
24F) connect grid 11 to point 45. However, these contacts 
must stay closed long enough to turn on tube E, Since motor 
contactors F and R msiy act so fast that this ll-to-45 circuit 
reopens too soon, relay ICR is added (lower left in Fig. 24F). 
While motor contactor F or R is picked up, relay ICR is not 
picked up, so the ICR contact is open (near the push buttons 
in Fig. 24E). Now when the Reverse button is pushed and 
contactor F drops out, contactor R cannot pick up until the 
ICR contacts close. As contactor F drops out, its normally- 
closed contact (near tube G) completes the circuit that connects 
the ICR coil to the d-c voltage 5-to-7. However, ICR does not 
pick up at once, for current first must flow through 38/2 to charge 
capacitor 12C, before enough voltage can appear across the ICR 
coil. So, when the motor is being reversed, relay ICR delays 
the pickup of the closing contactor, and makes sure that the 
ll-to-45 circuit has had time to phase back tubes 1 and 2 (to 
fire at point F in Fig. 24^/). 

24-16. Limiting Inverter Voltage.— In Sec. 24-5 we saw how 
tube H limits the armature voltage during slowdown; here let 
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US see how tube HH (far right in Fig. 24F) limits the voltage gen- 
erated by the motor while reversing and inverting. The cathode 
of tube HH is connected to a voltage divider (3472, 43/2, 42/2) 
so that cathode 48 is far more positive than grid 7; tube HH 
passes no current. If the motor receives power through tubes 
1 and 2, the armature voltage (applied across 42/2) raises cathode 
48 higher. However, when the motor is being reversed, the 
armature voltage drives point 24 more negative than point 7. 
If this voltage exceeds about 300 volts, cathode 48 is driven 
about 70 volts below point G, or close to grid 7. Tube HH 
passes current; electrons flow from negative point 24, through 
43/2, tube HH, 14/2, 16/2 and 15/2 to point 5. This HH cur- 
rent lowers the grid potential of tube DD, to decrease the field 
current and reduce the generated voltage. 

24-16. A Thy-mo-trol Using Tachometer Speed Signals. — In 
the circuits above, the armature voltage of the motor is used as 
a signal to show the motor speed. To c.wntrol motor speed more 
closely, a tachometer generator^*^"^ is used, driven by the motor; 
the ^^brain’’ for use with this tachometer is shown in Fig. 24//. 
Often such a thyratron motor control changes only the armature 
voltage, leaving the field voltage constant; the portion of Fig. 
24// to the left of the broken line provides such armature con- 
trol. Additional field control is given by the right-hand portion 
of Fig. 24//. 

For this more accurate speed control, notice the added voltage- 
regulator tube K] the voltage across 7F/2 is kept more constant 
than by using only tubes B and G, Tube C in Fig. 24// is con- 
trolled from 7F/2; its grid-22 potential depends on the tachom- 
eter-generator voltage. Speed dial 7VR selects the desired 
speed, then tubes C and D control the armature thyratrons (not 
shown, but like those in Fig. 24J?) to bring the d-c motor to 
that speed at which its tachometer generator produces enough 
voltage to turn on tube C. Since this circuit responds directly 
to speed, it needs no speed-drop adjuster (like 2F/2 at the bottom 
of Fig. 24F). Other parts of this armature-voltage-control circuit 
work like those in Fig. 24:F. (This is not a motor-reversing con- 
trol. so a single motor contactor M replaces contactors F and /2.) 

The field-control circuit (at the right in Fig. 24//) is controlled 
by the voltage across the motor armature. When the motor 
is running at low speed, the armature voltage 24-to-7 is small, 
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so point 17 (below FSX) is below the potential of ^oint 6. Tube 
EE is turned on; electrons flow from point 7 through lAAR^ 
14J?, 13 B, FSX and tube EE to positive point 4. With large 
direct current flowing in FSX^ thyratron tubes 3 and 4 (not 
shown) apply full voltage to the motor field. 

This field voltage (applied across IIB, 5FB and 12B) controls 
the potential of grid 29 of tube CC. Slider 29 of 5FB adjusts 
the amount of full-field voltage; if 5VR is set for 230 volts, tube 



Fig. — Thy-mo-trol “brain’" using tachometer speed signal. 


CC passes no current while the field voltage 27-to-7 is below 
230 volts. At 230 volts the grid-29 potential becomes high 
enough to let electrons flow from 83 through 13B and tube CC 
to 4. This increases the voltage drop across 13B so that points 
17 and 16 rise, preventing further increase of current in tube EE 
and FSX ; this action limits the maximum voltage that the thyra- 
trons apply to the field. 

As the motor speed increases, more armature voltage appears 
(24-to-7, at the right* in Fig. 24H); this voltage is filtered by 
2X and 5C. The voltage between slider 83 and 7 increases so 

* The broken-line circuit of SC and 20R decreases hunting. When 
greater armature voltage suddenly raises the potential at point 23, capaci- 
tor SC carries this higher potential to grid 22; tube C passes more current 
to decrease the armature voltage. However, if the armature voltage 
increases slowly, 8C charges at this same rate and has no effect on tube ( 
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that point 83 rises. Until the armature voltage rises to about 
^{q of its full amount, the motor field has full strength (adjusted 
by bVR and tube CC). However, as the armature voltage rises 
still higher (and the motor nears base speed), the potential 
at cathode 16 rises enough to decrease slowly the tube-£i? cur- 
rent and to weaken the motor field. Before the motor receives 
full armature voltage, its field voltage will be decreased. Notice 
that this circuit provides full-field strength until nearly full 
armature voltage is applied; then a further rise of armature 
voltage makes the field current decrease in order to raise the 
motor speed above base speed. 

Questions 

1 . While the motor is running, in Fig. 24C, which tubes can fail or bo 
removed without making the motor slop? 

True or false? Explain why. 

2 . A thyratron can pass current for more than half of each cycle. 

3. In Fig. 24C, if tube A is removed, tubes 1 and 2 fire and produce large 
armature voltage. 

4 . In Fig. 24(7, if tube 3 fails, the motor may run too fast. 

6. At low speed, the a-c voltage across the motor armature may be many 
times larger than the d-c voltage measured across it. 

6. Until contact M (in Fig. 24C) connects the armature to point 24, 
7VR cannot change the output voltage of tubes 1 and 2. 

7 . If SVR is turned to the right (in Fig. 24C), the motor has less field 
voltage while starting. 

8. With \VR turned to the top (in Fig. 24C), the loaded motor stalls 
more easily. 

9. If tube F is removed (in Fig. 24C), this has great(‘r effect while the 
motor starts than when the motor runs, at normal load. 

10 . When a thyratron inverts, its current reverses. 

11 . In Figs. 247? and F, the motor and tube circuit will invert whenever 
the firing point of tubes 1 and 2 is delayed far enough. 



CHAPTER 25 

THY-MO-TROL FOR SMALL MOTORS 


For variable-speed control of motors of hp and less, a cir- 
cuit is used that has most of the features of the large Thy-mo- 
trol of Chap. 24, but uses fewer tubes, as shown in Fig. 25 A. 
This type of Thy-mo-trol has a different style of phase-shifting 
circuit, described below; similar circuits appear in a tire- 
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l)ijil(ling-ma(>hine diive and in an automatic battery charger, 
also described in this chapter. 

26-1. The Small Thy-mo-trol (CR7607-F101). — The complete 
circuit, Fig. 25B, receives power through anode transformer IT, 
from a single-phase arC supply. Thyratron tubes 1 and 2 
rectify*"* this a-c power, so that pulsating d-c voltage appears 
between points 24 and 7 and across the armature of the d-c 
motor. To vary the motor speed, the amount of this d-c volt- 

371 
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age is changed by phase-shifting the tubes 1 and 2 , as described 
below. To reverse this motor, reversing contactors must be 
added. The field of this motor receives d-c voltage from recti- 
fier tube 3; this voltage remains unchanged (at about 230 volts), 
so the motor has constant field strength. This d-c voltage 



adjuster 

Fig. 25B.— C'iicuit of 3^-hp Thy-mo-trol (C117507-F101). 

(between points 8 and 7) is also used to pick up contactor M, 
which connects the motor armature to the positive terminal 24. 
(Electrons flow from point 7 through 3FJ?, the push buttons, 
coil ilf, 10/2 and the overload-relay contact OL, to point 8 , 
through tube 3, alternately through 15/2 and 16/2 and fuses, to 
transformer IT terminals 14 and 15.) 

In Fig. 25/5, all lettered tubes are in the ^‘brain/^ 24.1 ^^ich 
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controls tubes 1 and 2. Several of these high-vaciium tubes give 
results like those studied in Fig. 24F. Tubes AA, B and BB 
combine to limit the amoimt of motor-armature current. Tubes 
A and E control the phase-shifting of armature tubes 1 and 2; 
tube A is controlled by the speed dial 3F/2. Let us see how an 
increase of tube-A current delays the firing of tubes 1 and 2, so 
that the motor speed decreases. 

To explain the action of tubes A and E, Fig. 25C shows these 
tubes together with the phase-shifting circuit of thyratrons 1 
and 2. (All parts are the same as those shown in Fig. 25B, but 
are arranged differently.) Transformer secondary SbT (in the 



Fig. 26C. — Tube circuits for phase-shifting thyratrons of Fig. 25J5. 


center of Fig. 25B, but at the left of Fig. 25(7) supplies about 
3(K) volts a.c. between points 33 and 34. At first, do not use the 
circuits inside square X\ place a wire at W to connect points 
13 and 31. 

Notice now that tubes A and E are in series; current may pass 
through these tubes and 5/? only during the half cycle (shown 
at P in Fig. 2bD) when terminal 33 is more positive than 34. 
During the other half cycle N (when tubes A and E pass no 
current and have no effect on the circuit) point 31 has a potential 
halfway between points 33 and 34, since 3R is equal to 4R and 
1C is equal to 4C. During the positive half cycle P the potential 
at 31 depends on how much curi*ent pass^ through tube A, 
The high-vacuum triode A acts like a variable resistor — when 
its grid 43 is so negative that tube A passes little current, there 
is little voltage drop across bR and tube E, so point 31 is more 
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negative (than the mid-point between 33 and 34). When a mon^ 
positive grid lets tube A pass more current, the greater voltage 
drop across 5R raises the potential of 31 until it may be much 
more positive than the mid-point. 

26-2. Using Equal Half Cycles of Grid Voltage. — There is one 
value of grid potential that lets tube A pass just enough current 
so that point 31 is exactly halfway between 33 and 34; using 
this grid potential, the voltage S is equal to the voltage T during 
both half cycles of the a-c supply, just as if both tubes A and 
E were removed. More important, the size of voltage S stays 
the same during either half cycle P or half cycle N. Under this 
condition, let us see what grid voltage is applied to thyratrons 
1 and 2. 

The grid voltage of tul)e 1 is the same as the voltage across 
capacitor 1C (connected l>etween giid 18 and cathode 31). 
Voltage aS is applied across 1C and ZR in series; (similarly volt- 
age 7' appears across 4C and 4/^ in series). This connection 
of 1C and 3/^ produces a wave of a-c voltage at^ross 1C that lags* 
nearly 90 deg behind the voltage a 8, as shown in Fig. 25/>. 
During half cycle P, voltage S is charging capacitor 1C so that 
its terminal 18 becomes more positive than 31, as shown at K. 
During half cycle iV, the same voltage S discharges 1C and 
recharges it so that terminal 18 becomes more negative than 31, 
as shown at L, Since S is the same amount of voltage in either 
half cycle F or iV, it raises the potential of point 18 as far above 
the 31 line (in half cycle P) at it lowers point 18 below the 31 
line (in half cycle N), 

The a-c anode voltage of thyratron tube 1 (marked U in Fig. 
256^) is in phase with voltage S, As is shown in Fig. 25D, the 

* Refer to Fig. ISE, where part (d) shows a similar eirenit. As explained 
ill Sec. 13-5, the 0.25 mu f capacitor 1C in Fig. 25C has 26G0/0.25 or 10,600 
capacitor ohms. The voltage across IC, and across the 51, 000-ohm resisUir 


Current 


Voltoige 
across 1C ' 
( 10 ^ 00 ) 


? S 
Nearly 

90-deg. ^ 


SRy is shown in this vector diagram. Notice that the a-c voltage across 1C 
is about one-fifth as large as the voltage /S, or about 30 volts rms. 
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wave of grid voltage across 1C fires tube 1 at point K) a similar 
wave of grid voltage across 4C fires tube 2 at point L. So, as long 
as point 31 stays halfway between points 33 and 34 during both 
half cycles, P and the grid voltage of tubes 1 and 2 is an a-c 
wave (reaching equal distances above and below line 31), which 
delays the firing of tubes 1 and 2 until near the middle of the half 
cycles of anode voltage (U or F). Here the motor armature 
receives a medium amount of voltage (about half as large as can 



Fiu. 25D. -Vt)haK<* \> avo.shapes, iiiiiiK tlijiations to cause im^diuin inotot speed. 


be supplied when tuhe^ 1 and 2 pas^ current during the entire 
half cycle). 

26-3. Unequal Half Cycles for Phase Shifting. — If we now 

lower the grid potential of tube A in Fig. 25C so that less current 
flows through 5R and tubes .1 and E, the wave of grid voltage 
across 1C (or 4C) does not change much in size or shape. As is 
explained below, the entire grid-voltage wave is raised higher 
above line 31, so that it fires tubes 1 and 2 earlier, increasing the 
voltage across the armature. 

During half cycle N (while tubes A and E can pass no current), 
voltage S still is equal to voltage T, as shown in Fig. 25E, 
However, during half cycle P, the voltage drop across tube A is 
greater than the voltage drop across 5R and tube E, so the poten- 
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tial of point 34 becomes closer to point 31; point 33 rises higher 
above point 31. As a result, voltage S is larger during P than 
during N, 

During P, this increased voltage S forces a larger current to 
charge capacitor 1C, and terminal 18 rises higher above 31, 
reaching C. During A, voltage S is smaller and discharges 1C 
more slowly, so point 18 drops only to H. As a result of these 
unequal amounts of voltage S, we see that the point- 18 poten- 
tial follows a wave of the same shape as before, but the center 
line, or axis, of this wave is raised above 31 by the amount J. 
Notice that point 18 (grid of tube 1) becomes more positive than 



Fig. 25E . — Earlier firing of thyratrons —higher motor speed. 

31 (cathode) at ilf, so tube 1 is fired earlier* in the half cycle of 
anode voltage. 

As a result of lowering the grid potential of tube A, the a-c 
wave of grid voltage at 18 (or at 35) has been raised as if by a d-c 
voltage connected into the grid circuit of tube 1 (or tube 2). This 
is similar to the action described in Sec. 15-5 or in (6) of Sec. 13-15. 

When the tube-A grid is made more positive, there is less volt- 
age drop across tube A, so voltage S becomes less (during P) than 
its steady amount during N, As is shown in Fig. 25P, capacitor 
1C receives less charge during P, so grid 18 rises less above the 

* Likewise, voltage T (in Fig. 25E) is greater during N than during P, 
so the curve of point-35 potential is raised above 31 so that tube 2 fires 
earlier, at O. 
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31 line. The a-c curve of grid- 18 potential nov^ fires tube 1 at 
point R\ this delayed firing of tubes 1 and 2 reduces the d-c 
armature voltage. 

As the tube-A current changes, the resulting d-c voltage in 
the tube-1 grid circuit can be shown by a suitable d-c voltmeter 
connected across 1C. Greater tube- A current drives the average 
potential of grid 18 more negative than cathode 31. We see that 
tube A produces d-c voltages across 1C and 4C, which, by raising 
or lowering the a-c curve of grid potential, phase-shift the firing 
points of thyratron 1 and 2. Greater tube-A current causes less 
armature voltage. Now let us see what controls tube A. 



Fia. 2bF . — Delayed firing and reduced motor speed. 


26-4. Control of Motor Speed. — Remove wire W (center of 
Fig. 25C) so that cathode 13 and point 31 may be controlled from 
the circuits in square X, (Electrons flowing through tube E and 
5/2 now must flow to point 24, to 7, to 37/2 slider 13, then through 
tube A.) Between 13 and 31 we have inserted two voltages, Y 
and Z] when Y is equal to Z, points 13 and 31 are at the same 
potential. Suppose that the slider of 37/2 is turned to touch at 
3 ; this setting asks for '' the highest motor speed. Cathode 13 is 
now about 110 volts more positive than point 7, as shown by 
voltage 7. At high speed, the motor armature voltage Z may 
be 250 volts (or much larger than 7). However, the voltage 
divider (13/2, 27/2, 14/2) permits the voltage 7 to be less than 
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half as large as 2; at high speed, voltage V is also about 110 volts 
(or equal to K), so that the tube-A grid 43 is near the potential of 
cathode 13. This grid voltage (nearly zero) lets tube A pass 
current so that tubes 1 and 2 supply about the right full-speed 
voltage to the motor armature. If this top speed is too high, the 
2VR slider may be turned toward 24, to increase the tube-A 
current and decrease the armature voltage to produce the desired 
top speed. After this setting, 2VR is not changed. 

To lower the speed, 3VR slider (in Fig. 25(7) is turned away 
from point 3, to decrease voltage Y, This lowers cathode 13 so 
that tube A passes more current; this turns off thyratrons 1 and 2 
until the motor coasts down to a lower speed. At this lower 
speed, voltages Z and V arc smaller, lowering grid 43 to decrease 
the tube-A current and let tubes 1 and 2 supply a lower voltage to 
the armature. We see that F is a d-c voltage standard whose size 
is selected (by turning 2VR) to cause the desired motor speed. 
At this speed, voltage V becomes the right amount to control 
tube A so that tubes 1 and 2 supply the armature voltage needed 
at this speed. 

26-5. Current Limit and Speed-drop Adjuster. — Returning to 
Fig. 25Bj we see now that any increase of tube-A current makes 
tubes 1 and 2 decrease the armature voltage (and speed). Notice 
that tube-A A current will produce the same result ; these electrons 
flow from S5T terminal 34 through tube E and 5R to 31, through 
OL to 24, to 7, through 7/?, 12R and tul>e .lA to terminal 33. 

As is described in Sec. 24-6, motor current makes transformer 
winding S4:T (at the right in Fig. 25B) produce a voltage that 
is rectified by tube B (like tube F in Fig. 246^). As the motor 
current increases, a greater d-c voltage appears across 9/i and 
IV R, so that the potential of point 49 rises. At large motor 
current, point 49 rises enough to turn on tube A A, to limit the 
armature voltage and prevent further rise of current.* 

Tube BB prevents grid 47 of tube A from dropping lower than 
point 46. (This is like the ‘^snubber•^^ action of tube FF described 

* Above tube B, switch >Si]r is set for the rating of motor used. For tlui 
smallest motor, resistors 20/f, 2\R and 22R are all in circuit; they draw so 
little current that S^T produces largo voltage and turns on tube A A at a 
low amount of armature current. For a K-hp motor, however, xSlf short- 
circuits 2112 and 2212, letting 2012 draw larger current; this lowers the 
voltage that SYF can produce, so that the armature current becomes larger 
before tube A A acts to limit this current. 
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in Sec. 24-10.) Therefore, if the motor load current increasee 
suddenly, grid 47 can turn on tube AA quickly and limit the 
current. Capacitor 6C is needed to filter the ripples from the 
rectified voltage across 9/2; 6C may delay the turning on of tube 
AA much unless tube BB is also used. 

As greater load makes the motor draw more current, a larger 
d-c voltage appears also across lF/2. As is described in Sec. 
24-8, the lF/2 slider may be set so that this 67-to-7 voltage lowers 
the tube-A grid potential ; this makes tubes 1 and 2 supply greater 
armature voltage, to prevent the natural slowdown of the loaded 
d-c motor. 

Before the Start button picks up M (in Fig. 25JB) to start 
the motor, there is no circuit between points 1 and 3 and no 
voltage across 3F/2, 7/2, 11/2 or 12^. Cathode 13 of tube A is 
at the low potential of point 7, so tube A is passing current 
and tubes 1 and 2 are turned off. In this way the circuit is 
‘‘preconditioned,^^ to prevent large starting current when M picks 
up. 

26-6. The Tire-building Thy-mo-trol (CR7607-G219). — The 

motor-armature-control circuit described above is included in the 
control of a 2-hp motor driving a tire-building machine. Figure 
25G shows the complete electronic circuit,* which varies both the 
armature voltage and the field voltage of the motor. Tubes 1 
and 2 (controlled by tubes A and E) change the armature voltage; 
this voltage between points 24 and 7 is connected to the armature 
through reversing contactors F and R (similar to the armature- 
reversing circuit in Fig. 24JS'). 

To stop the motor, contactors F and R are dropped out, so their 
n-c contacts connect the armature to DBRj to provide dynamic 
braking. While the motor slows down, its generated voltage 
(called its counter emf) keeps relay CEMF picked up; the CEMF 
contact (upper right in Fig. 2bG) remains open until the motor 
speed drops the desired amount. After the “Stop^' button is 
pushed, neither F nor R can pick up until CEMF drops out. 

* Many extra dials are omitted, also the contactors that may select preset 
speeds for certain purposes. For example, the complete control adds dials 
(potentiometers), which may be used instead of 3Fi2, 4Fi2 and ^VR\ 
“Low-speed or “ High-speed push buttons operate contactors that switch 
these dials into circuit. To permit hand-stitching the tire, the motor 
“creeps” at low speed; here the current limit is made so low that the motor 
and the tire are easily stalled if desired. 
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In the lower right-hand corner of Fig. 25G, transformer S4iT 
and tube B supply a d-c voltage across 9/2 and \VR] greater 
motor-armature current makes point 23 become more positive 
than 7. This voltage across 9/2 is connected across 16/2, 15/2 



and part of 47/2, to provide a wide-range ^‘current-limit’^ adjust- 
ment. If the 47/2 slider is turned up to point 15 to prevent much 
armature current, point 22 (grid of tube A A) is about halfway 
between points 15 and 7 (when there is no armature current and 
no voltage across 9/2). Since point 45 (cathode of tube ^4^4) is 
at a fixed potential two-thirds of the fange up from 7 to 15, point 
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45 is near the potential of grid 22; a very small armature current 
raises points 23 and 22 enou^ to turn on tube AA and limit the 
current. However, as 4Fi2 slider is turned toward 7, the poten- 
tial at 22 is lowered; now a much larger voltage must be produced 
across 9/2 before point 22 is raised high enough to limit the 
current. 

Instead of having constant field voltage (as supplied through 
tube 3 in Fig. 25B), the motor of Fig. 25G receives its field current 
through tubes 3 and 4, which are phase-shifted to change the field 
voltage. (These electrons flow from point 7, through the field 
and FLR coil, TR contact and 24/2, through filament transformer 
ST, tube 3 or 4 to anode transformer 12’.) Only tube 3 needs to 
have a control grid,^®'^^ to change the current in the inductive 
load of the field. Tube 3 is controlled by the d-c potential at 
point 42; we shall see that tubes 3 and 4 decrease the field current 
when tube C passes greater current. As is explained in Sec. 25-8, 
tube C is controlled by turning the same dial (3F/2) that controls 
the armature voltage. 

26-7. Phase Shifting the Field Tubes. — Through the middle 
of Fig. 25G, tube D supplies rectified d-c voltage between points 
63 and 7, across a long voltage dmder or ^ ladder.’’* From S2T 
mid-point 7 (above tube D), electrons flow through resistors 7J?, 
12/2, 11/2 and contact F ot Rio point 37, and through 18R, 32/2 
and tube D to S2T. Since this 63-to-7 voltage is not filtered, the 
potential at 63 rises twice each cycle (as shown in Fig. 25H), 
This voltage has size and waveshape equal to the 60-to-7 voltage 
supplied through tubes 3 and 4 to the motor field; therefore, 
point 63 may be at the same potential as point 60. Between 63 
and 7, point 37 is the cathode of tube C; the 37 potential also 
rises above 7 but by a less amount. The changing voltage 63-to- 
37 is connected across tube C and 17/2 in series. The tube-C 
anode potential (point 42) is also the grid potential of thyratron 
tube 3. 

When tube C passes no current,! there is no voltage drop across 
17/2, so that 42 has the same potential as 63. Since the 63 poten- 
tial is now the same as the 60 potential (as mentioned above), 
grid 42 is also at cathode-60 potential; tube 3 fires at the start of 

* In describing n voltage 'divider as a ‘‘ladder,” we mean that you can 
“climb up” from one resistor to another to reach points of higher potential 

t This condition is not shown in Pig. 25//. 
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its half wave of anode voltage; therefore the motor field receives 
its greatest current. 

When the potential of grid G rises (because of circuits described 
later), tube C passes current through 17/?; therefore the potential 
of point 42 drops below that of 63. Let us see how this delays the 
firing point of thyratron 3 to decrease the field current. 

Notice that 12C capacitor (in series with 17/?) is connected 
between points 60 and 63 (in Fig. 25G). So long as there is no 
tube-C current and 42 is at 63 potential, no voltage will be applied 
to 12(7; 12C has no charge and has no effect on the firing of tube 3. 



Fig. 25H . — Curves .showing grid control of tube 3 in Fig. 25G. 


However, when tube (7 passes current so that point 42 is at lower 
potential than 63 or 60, electrons flow from cathode 37 through 
tube C and into capacitor 12C, whose terminal 42 now becomes 
more negative than 60. As shown at A in Fig. 25//, the voltage 
across 12(7 increases slowly, because high-vacuum tube C acts as 
a large resistance through which the electrons must flow' to charge 
12(7. This increasing voltage 60-to-42 is shown again at B in 
Fig, 25//. The charging stops during C but then resumes to pro- 
duce a large 12(7 voltage at D. At E the decreasing point-60 
potential and the charge on 12(7 make point 42 more negative 
than cathode 37, so that tube (7 (as rectifier) stops passing 
current. However, the 12(7 voltage D still holds the tube-3 grid 
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more negative than cathode 60. Although the next half cycle of 
anode voltage (at F) tries to force current through tube 3, this 
action is prevented by the negative grid 42, 

Since tube 3 cannot fire, the inductance of the motor field 
drives point 60 more negative than point 7 (as explain^ in Sec. 
15-12 and Fig. 150). The large voltage G now appears (in Fig. 
2hH) between points 63 and 60; this voltage is across 12C and 17-B 
and makes 12C discharge through 17/i. As the 12C voltage 



decreases (as shown at J), grid 42 (quickly rises toward cathode 
60 and fires tube 3. At once points 60 and 42 rise far above 7 
(at K) and the charging of 120 is repeated, as at .4. Since the 
firing of tube 3 has been delayed, less d-c voltage is applied to the 
motor field. 

Notice the difference when the tul>e-0 current is increased, thus 
further lowering the potential at 42 (as shown in Fig. 257). 
Although the charging of 12(7 l)egins later in the cycle (at ilf), 
tube C has less resistance to the electron flow, so that the voltage 
across 1 2(7 increases more quickly and reaches a large amount N, 
At P the tube-(7 current stops. The larger charge on 120 takes 
a longer time to discharge through 17/2, so that grid 42 does not 
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approach cathode 60 until Q, late in the half cycle. Thyratron 
3 fires so late that the motor-field current is greatly decreased. 
Here tube 3 is phase-shifted by the changing wave of voltage 
across 12(7 (as mentioned in (c) of Sec. 13-15). The field cur- 
rent decreases when greater tube-C current lowers the d-c signal 
potential at point 42. 

26-8. The Field-control Circuit. — ^The grid-6 potential of tube 
C (center of Fig. 25(?) is controlled through rectifier tube CC and 
is further adjusted by potentiometer dials 6VR and llVR. 
Through most of the motor-speed range, the potential at point 
8 is so low that tube CC passes current; this connects the tube-C 
grid directly to point 8. Whenever the armature voltage is less 
than about nine-tenths of full value (as when the motor is start- 
ing, or SVR is set so the motor runs below base speed), this grid-6 
potential is so far below cathode 37 that tube C passes little 
current; therefore, tubes 3 and 4 apply full field current to the 
motor. As the motor nears base speed and the armature voltage 
rises, the rising potential at 8 lets grid 6 turn on tube C and 
weaken the motor field, running the motor above base speed 
(if 3VR is set in its high-speed range). 

As increasing armature voltage raises point 8, notice that point 
6 cannot rise higher than a potential nearly midway between (yVR 
slider and IIVR slider.* Point 8 may rise higher, but tube CC 
stops passing current, and disconnects 8 from G. If the llVR 
slider is turned clockwise, the tube-C grid potential is raised, 
turning off tube 3 further and raising the top motor speed to the 
desired amount. This top speed is raised further if the 6F/^ 
slider is turned (upward or counterclockwise, in Fig. 25(?) to raise 
the grid-6 potential. Turning QVR clockwise decreases the range 
through which the motor speed may be adjusted. 

The motor-field current is also controlled indirectly from tube 
A A. Suppose that the motor is operating at high speed (weak- 
ened field) when a motor overload turns on tube A A, as described 
above. This tube-AA current phases back tubes 1 and 2, so 
that the armature voltage decreases and the potential at point 
8 drops. Tube CC passes current, lowering grid 6 to point 8; this 
turns off tube C, strengthening the motor field. 

Notice how the circuits are ‘‘preconditioned ^hen contacts 
F and R are open (right center of Fig. 25G) before the motor 

* Here 19i^ and lOR act as a voltage divider between 6VR and \1VR, 
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starts. These open contacts stop the flow of Current through 
the voltage divider; point 15 drops to the low potential of point 
7, lowering cathodes 13 and 45 so that tubes A and AA pass 
current, shutting off armature tubes 1 and 2. Also, point 37 
rises to the high potential of point 63; the tube-C current stops, 
and point 42 rises, letting tubes 3 and 4 apply full field to the 
motor. Capacitor 8C charges to the high voltage between points 
63 and 7 ; capacitor 6C has no charge. When contact F or R con- 
nects points 37 and 15, raising the cathode-45 potential, tube-A A 
current flows until 6C charges and lowers grid 47 below the 
potential of AVR slider; this gradually turns on armature tubes 
1 and 2. Also, when the closing contact (F or R) lowers cathode 
37, the charge on SC forces point 8 negative, so that grid 6 pre- 
vents tube-C current until 8C has discharged (through 26i2, to 
the steady voltage between 37 and 8). 

26-9. The Phano-charger (CR7601-K115). — The automatic 
battery-charging circuit shown in Fig. 25J is like the simple 
charger described in Sec. 14-2; the a-c supply voltage is applied to 
a transformer IT in series with a saturable reactor 1/SX. Two 
phanotrons 1 and 2 rectify this IT voltage, and their output 
charges the batteiy. If no current flows through the d-c winding 
of ISX, most of the supply voltage appears across ISX and little 
is across 17"; the output voltage of tubes 1 and 2 is too small to 
charge the battery. An increase of direct current in IS.X’ raises 
the charging voltage. 

This charging voltage (between 6 and 7) is also filtered^®*^ by 
2X and llC, to produce steady d.c. across a divider (4i2, 2 FjB, 
5R ) ; the potential at point 10 (control grid of pentode tube E) 
rises when the charging voltage rises. This voltage also supplies 
voltage-regulator tube D; although voltage 8-to-7 may change, 
tube D keeps tube-F cathode 9 at a potential 75 volts above 
point 7. This 75 volts is the standard, or reference, voltage^®’® 
to which the battery voltage is compared; if that part of the 
batteiy voltage selected by 2VR is, say, 60 volts, grid 10 is 15 
volts below cathode 9, so tube E passes little current. When 
higher battery voltage raises this lO-to-7 voltage (while cathode 
9 remains 75 volts above 7), the tube-£? current increases. We 
shall see that increased tube-F current delays the firing of thyra- 
tron tube B; this decreases the direct current in ISX, decreases 
the a-c voltage of 1 T, and lowers the battery-charging voltage. 
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Tubes A and B control the amount of d.c. in ISXy as described 
in Sec. 14-4, 14-5 and Fig. The a-c voltage supply to this 

circuit is taken from IT at points 4 and 5; IV R and 3VR act as a 
voltage divider, so that the a-c voltage M is selected for use. 
When thyratron B fires, electrons flow from point 4 through tube 
B and the d-c winding of ISX to point 13; during the next half 
cycle (when 4 is more positive than 14, so tube B cannot pass cur- 



rent) the energy stored in ISX forces electrons to flow from 13 
through tube A to 14. This steady flow of direct current in ISX 
is decreased when tube B is fired later in its half cycle. Let us 
see how tube B is controlled by tube E, 

26-10. The Capacitor-pliotron Bridge. — The voltage across 
capacitor IOC (middle of Fig. 25J) is also the grid voltage of 
tube B; IOC is charged by current flowing through tubes E and 
C. During the half cycle when the I T voltage makes point 4 
more positive than mid-point 7, electrons flow from 7 through tub(j 
D to point 9, through tube E into capacitor IOC, to point 4; this 
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charging of IOC makes point 11 more negative tlian point 4. A 
half cycle later, electrons flow from 4 into IOC, then through 
12/2 and tube C to point 7 ; this flow makes point 11 more positive 
than point 4. 

These circuit parts are shown again at the lower right in Fig. 
25 J (omitting tubes A and D). Suppose that tube E has the 
right grid-10 voltage so that the tuhe-E current (during one half 
cycle) is equal to the tube-C current (during the following half 
cycle). Notice that tube E now acts like a resistor of about the 
same ohms as 12/2;* this resistance (of 12/2 or of tube E) is in 
series with capacitor IOC to form a phase-shifting bridge, like that 
described in Sec. 13-5 or shown in (d) of Fig. 13^^. The voltage 
across IOC is now a sine wave, which lags behind the 1 T voltage 
by nearly 90 deg;t this IOC voltage fires tube B near the middle of 
its half cycle of anode voltage. 

When greater battery voltage raises the grid-10 potential, the 
increased tube-/? current now permits more electrons to charge 
IOC; this electron flow is greater than can pass through tube C 
during the following half cycle, so the IOC terminal 11 remains 
more negative than before. This lowers the position of the wave 
of a-c voltage across IOC, so that it fires tube B later in the half 
cycle. Similarly, if lowered battery voltage decreases the tube-/? 
current, the electrons passing from 4 into IOC and through tube C 
remain unchanged, while fewer electrons flow through tube E, 
Terminal 11 of IOC becomes more positive, raising the position 
of the wave of a-c voltage across IOC ; tube B fires earlier, the d.c. 
increases in ISX, so greater IT voltage increases the battery- 
charging rate. 

In Fig. 25 J, if the slider of 2VR is turned downward toward 
7, the battery voltage must rise to a higher level before it will 

* Here wc assume little resistance in tube C, or no voltage drop across 
tube r. 

t Since 12R is 100,000 ohms, and IOC is 1 mu f (or 2660 ohms^®-*), the 


Current voltage 



vector triangle shows a small a-c voltage across IOC, about 90 deg behind 
the IT voltage. 
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turn on tube JS; the battery becomes charged to a higher voltage. 
To reduce the charging current, the slider of 1 FiJ is turned toward 
point 4; this decreases voltage M so that less direct current is 
forced through ISX, even if tube B is being fired at the start of 
its half cycle. 


Questions 

1 . In Fig. 25/?, if tube B is removed, whirh is correct? 

а. The motor runs at lower speed, or stops. 

б. No change in speed. 

c. The loaded motor runs at higher speed but may overload tubes 1 
and 2. 

True or false ^ Explain why. 

2. There may be d-c and a-c voltage across a capacitor at the same time. 

3. If tube {A and A A) is removed, in Fig. 25/?, the motor-armaturc' 
voltage is equal to the field voltage. 

4. Current flows through tube BB of Fig. 25/i at all times, since its 
grid and anode are connected together through It)/?. 

5. With a-c anode voltage, a high-vacuum grid-controlled tube is like 
a variable resistance during both half cycles. 

6. Since Fig. 25B includes no FLR relay (field-loss relay), this cinaiit 
has no protection against loss of field current. 

7. In Fig. 25C, if tubes A and E are removed, the motor stops. 

8. If tube (C and CC) is removed, in Fig. 25C, the motor has full field 
strength at all times. 

9. In Fig. 25 J, if 10(7 is shorted, the battery charging stops 

10. In Fig. 25/, with a good battery, tube 1 or tube 2 may pass (‘urrent 
during an entire half cycle. 

11. In Fig. 25/, reactor ISX is used for phase shifting. 
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REGULATORS OF WELDING 
VOLTAGE AND CURRENT 

Resistance-welding equipments (like those described in Sec. 
12-2) may have to use power from a-c feeders whose voltage 
changes enough to prevent good results. The voltage-regulating 
compensator aims to remove this trouble. Also, when welding 
pieces of steel (or similar magnetic metals), the weld heat decreases 
as more of the metal enters the throat of the machine;* to hold 
constant welding current, the current-regulating compensator is 
used. Either of these electronic regulators may be added to a 
welding-control equipment that includes heat control by the 
phase-shift method, such as that described in Sec. 13-9. 

26-1. The Voltage-regulating Compensator (CR7603-D167). — 
In Fig. 2GA, the original or main welding-control equipment is 
shown at the right ; this equipment must include a peaking trans- 
former^^-® in the grid circuits of the thyratrons that fire the welder 
ignitrons. This ^^peaker'^ is reconnected so that its primary 
winding is in the circuit of tubas 7 and 8 of the compensator; 
when tube 7 fires, ignitron A firas. Tube 8 makes another thyra- 
tron in the main panel fire ignitron B. 

The a-c power supply to the welder also feeds transformer 
IT whose secondary (lower left in Fig. 2GA) applies voltage to 
the filament and control transformers, and to timing relay Tit, 
After 5 min for warming the tubes, the Tit contact closes to P3T 
and P8T, which furnish the anode power to thyratron tubes 7, 
8, 10 and 11. As is explained later, if the S3T voltage decreases 
(showing that the welder voltage has decreased), the output of 
tubes 10 and 11 controls the amplifier tube {2 A + 2B) so that 
thyratrons 7 and 8 fire earlier in their half cycles; tliis fires the 
ignitrons earlier and brings the weld heat back to normal^ 
although the welder supply voltage is less. 

* The magnetic metal, passing between the welding^ electrodes and into 
the machine throat, increases the inductive effect of the high-current 
secondary winding; less current can flow through this greater inductance, 
so the heat at the weld becomes less. 
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The d-c voltage for this circuit is supplied through tube 1, and 
is filtered^®"^ by 1C, IX and 8C. Voltage-regulator tubes^o-® 
4, 5 and 6 (with buffer resistor 1/2) keep voltages 2-to-lO and 
lO-to-7 at 75 volts each, and 7-to-6 at 105 volts. Between points 
10 and 6 (180 volts), we find tube 2A and 6/2, also tube 2B and 
10/2. These triodes act as a two-stago direct-coupled ampli- 
fier.^®'® If the input grid potential rises at point 14, the increased 
tube-2A current lowers point II; this lowers grid 17 so 
that the tube-25 current decreases, raising point 19. Any rise 
in point-14 potential moves the potential of point 19 upward 
also. 

As the potential of point 19 rises, this d-c signaP®'® fires tubes 
7 and 8 earlier in their half cycles. Remove tube 9, so that the 
S6T and SST voltages have no effect at points 45 and 44. The 
control-grid voltage of tube 7 is traced from point 45 through 
19/2 and /SlOr to point 19, through 10/2 to point 6, across tube 
4 to point 7, cathode of tube 7; this grid voltage depends on the 
d-c signal voltage between points 7 and 19, and upon the a-c 
voltage of S107\ This >8102" voltage lags behind the tube-7 
anode voltage* by about 90 deg; w^hen point 19 is at the same 
potential as cathode 7, tube 7 fires near the middle of its half 
cycle. 

When tube 7 fires, the voltage of SST forces electrons to flow 
from midtap 52 through 21/2 and /^42' or through 23/2t and P, 
and from cathode 7 through tube 7 to terminal 41. Both P47’ 
and P are the primary windings of peaking transformers; eacli 

* At the lower left in Fij?. 26A, PIOT’ receives its voltage from a fixed 
bridge made of SIT, 29R (5000 ohms) and 12(7 (0.5 mu f or 2660/0.5 ~ 5320 



ohms). The vector diagram shows that the voltage from SIT center tap 16 
to junction 12 is nearly 90 deg out of phase with SIT (or SST), 

t Resistors 2SR and 24/2 act merely as a voltage divider, so that the 
desired portion of the SST voltage is applied to P, the primary of the peaking 
transformer mounted in the main welding-control equipment. Similarly, 
21/2 and 22/2 let only half of the SSI' voltage be applied to P4T. 
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of their secondaries produces voltage peaks only at the instant 
when tube 7 (or tube 8) fires. * 

When point 19 becomes more positive than 7, the a-c wave 
of SlOT voltage is raised so that it crosses the fixed cathode-7 
line earlier in the half cycle, firing tube 7 (and tube 8) earlier. 
Lowering the point- 19 potential delays the firing of tubes 7 and 8 
and delays the firing of ignitrons A and B. 

26-2. The Welding-voltage Signal. — Suppose that tubes 10 
and 11 (center of Fig. 26^) have no grids and act like phanotron 
rectifiers.®*^ Now the entire voltage wave of S3T is rectified and 
is used to charge capacitor 9C. (Electrons flow from S3T midtap 
20 through ISR to cathode 8, through tube 10 or 11 to SST.) 
This rectified voltage has ripples, so 9C and 12R act as a filter;^®*'* 
steady d-c voltage appears across 9C. Part of this 9C voltage is 
used (between 8 and 2P slider 14) to control amplifier tube 2A, 

If the heat-control dial (slider of IP) is turned to 7 for ‘Tull 
heat,^^ point 8 is 75 volts more positive than cathode 10 of tube 
2A. If the 8-to-14 voltage is 77 volts, grid 14 is 2 volts more 
negative than cathode 10; tube 2 A passes enough current to let 
point 19 rise high and fire tubes 7 and 8 early. Perhaps this 
fires ignitrons A and B so early that the welding transformer 
receives the entire wave of a-c supply voltage. If the supply 
voltage now decreases, the regulator circuit cannot increase the 
welder voltage to return the welder heat to normal. Therefore, 
slider 14 of 2P is turned clockwise to lower the potential of points 
14 and 19 and delay the firing of tubes 7 and 8, so that (at normal 
amounts of supply voltage, and with IP set for “full heat”) per- 
haps only nine-tenths of the voltage wave is used by the welder. 
With this correct setting of 2P, a small gap remains in the welder- 
voltage wave, which can be closed by earlier tube firing, to offset a 
drop in supply voltage. 

To decrease the welder heat, turn the IP slider toward point 
10; this lowers the potentials of points 8, 14 and 19, so tubes 7 
and 8 are fired later. 

After setting the IP and 2P sliders, watch the circuit regulate 
the welder voltage. If the supply voltage decreases (which 
lowers the weld heat of the usual welder), the SZT voltage is less, 

* A transformer is said to be shock-excited, when it is suddenly connected 
(like P^T or P) to a voltage at a point later than the start of the voltage 
half cycle. 
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so there is less voltage 8-to-14. This lets the potential of grid 14 
rise, so point 19 rises also and advances the firing point of tubes 
7 and 8; the ignitrons fire earlier, so that a larger part of the a-c 
supply-voltage wave is applied to the welding transformer, to 
offset the reduced height of the supply-voltage wave. 

To hold constant welding voltage, this circuit should not 

watch the amount of voltage during each entire half cycle, 
but only that part of the voltage wave when welding current is 
flowing. To do this, tubes 10 and 11 are grid-controlled. Dur- 
ing the early part of each half cycle, tubes 10 and 11 do not fire, 
for their grids (at point 23, about 25 volts below point 10) are far 
below their cathodes (at point 8, at least 15 volts above point 10). 
However, when tube 7 fires, transformer 42" produces a voltage 
peak that raises point 24 above cathode 8, firing tube 10. A 
half cycle later, the firing of tube 8 makes S4T raise point 25 to fire 
tube 11. In this way, there is voltage across 1372 only during a 
time when there is voltage across the welding transformer. The 
filtered voltage across 9C is a signal from the during-weld voltage, 
and includes no signal from the earlier parts of the half cycles or 
from those cycles when the ignitrons do not fire. 

26-3. Preventing Firing Only One Ignitron. — So far, tube 9 
in Fig. 26A has not been included. The circuit of tube 9 (and 
the S62" and S%T windings near it) has an effect only when tube 7 
or tube 8 fires too earl;^ in the a-c half cycle. Without tube 9, 
this early firing of tube 7 may let ignitron A pass current, but 
ignitron B does not fire. This prevents a normal weld; it may 
saturate the welding transformer and blow- a main fuse. Part 
(a) of Fig. 26J5 shows why only one ignitron fires. Suppose that 
tube 7 is made to fire at point Z>, which is earlier than the normal 
power-factor angle^^-ii Qf the welder. Ignitron A passes current* 
for more than a half cycle, as shown by the shaded area. With- 
out tube 9, tube 8 fires at A", causing the peaking transformer P to 
produce its voltage peak also at JE, attempting to fire ignitron tube 
B at this point. However, ignitron B cannot start to pass current 
earlier than point F (or until ignitron-A current stops), for only 
about 15 volts appear across both ignitrons until point F is 
reached. At F, the peaker voltage E has already passed by, and 
ignitron B cannot be fired ; only ignitron A passes current. 


This is a transient current, described in Sec. 12-11. 
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The circuit near tube 9 is added to delay the firing of tube 8 so 
that the resulting voltage peak does not occur until point F, just 
at the instant when current stops flowing in ignitron d. 

This condition is shown again in part (6), and tube 7 starts 
the weld at D, ahead of the power-factor angle. Notice that the 
curve of grid voltage of tube 8, injstead of following aSIOT, which 
crosses the cathode line at F, is now made to follow a different 
path between points G and H] this delays the firing of tube 8 
until point J is reached. This change in the curve of grid voltage 
is caused hy the tube-9 circuit. 

Near tube 95 in Fig. 26d, the SST winding Y always supplies 
30 volts a.c., in phase with the anode voltage of tube 8; the SiVT 
winding Z supplies 60 volts a.c., 180 dog out of phase with the 
Y voltage. However, this SQT voltage appears only while either 
ignitron tube is passing current, thereby connecting voltage to 
the welding transformer. Just to the left of point K, in Fig. 265, 
the voltage of F + Z keeps cathode 48 of tube 95 more positive 
than the tube-95 anode (point 44). Since this permits no tube- 
95 current, there is no connection through tube 95 between 
points 48 and 44, so the F and Z voltages of S%T and S(ST are not 
connected into the grid circuit of tube 8. However, after the 
tube-8 anode has become positive, to the right of point K in Fig. 
265, notice that the added 1^ and Z voltages soon force cathode 
48 to become more negative than poiift 44; tube 95 instantly 
connects points 48 and 44, and the tube-8 grid voltage now 
switches (at G in Fig. 265) to the F + Z curve of S(dT and S^T 
voltages combined. In this way, the grid potential of tube 8 
becomes more negative until point H is reached. At H, current 
stops flowing through ignitron A, and the Z voltage of 56 T 
instantly becomes zero. With no 563" voltage, catliode 48 
becomes more positive than anode 44, and the tube-95 current 
stops; this disconnects windings F and Z from the grid circuit 
of tube 8, and the grid voltage of tube 8 returns to the voltage 
wave of 5103". At J, tube 8 finally fires instead of earlier at 
point E. Point J is the proper place to excite the peaker trans- 
former so as to fire ignitron tube 5 (after ignitron A has fired 
early, at Z>). 

Part (c) of Fig. 265 shows a more normal condition; the 
point- 19 potential is lower, so that the welder is operating at 
less than full heat, and each ignitron* tube is being fired much 
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later than the power-factor angle of the welding transformer. 
Current starts to flow in ignitron A at point L, and stops at point 
M, No attempt is made to fire tube 8 until point N. Point 
48 (cathode) never becomes more negative than anode 44, so 
tube passes no current; the Y and Z voltages have no effect 
on the firing of tube 8. 

Even when the welder is being operated normally at a heat- 
dial setting as low as 50 per cent, there is need for the tube-9 cir- 
cuit. For example, if some power disturbance should cause a 
large dip in supply voltage for a few cycles, the potential at 
points 14 and 19 rises rapidly, thereby causing tubes 7 and 8 to 
attempt to fire much earlier, perhaps far ahead of the normal 
power-factor angle. 

26-4. The Current-regulating Compensator (CR7603-D160). — 

Some welding machines lose heat gradually when the work metal 
enters the welder throat. Even though the supply voltage may 
stay constant,* a current-regulating compensator is needed to 
advance the firing point of the ignitrons to keep constant current 
at the weld. 

The complete circuit of this compensator appears in Fig. 
26C; much of its upper portion is the same as Fig. 20^4. The 
power supply at the right-hand side, with the welder, transformer 
IT and GT and the main welding-control equipment, is the same. 
A current transformer C,T, is added, which watches the cur- 
rent flowing through ignitrons A and B and in the welding-trans- 
former primary winding; if this current decreases (giving less heat 
at the weld), C. T, sends less current to P5Tj so the S5T wind- 
ings produce less voltage (above tubes 12 and 13). 

Notice that the circuits of tubes 2A, 2B, 7, 8 and 9 are the 
same as in Fig. 2GA and are explained above. If the potential 
rises at point 14 (tube-2 A grid, at the left in Fig. 2GC), this raises 
point 19 (tube-2S anode), and fires tubes 7 and 8 earlier; the 
peaking transformer P (mounted on the main welding-control 
equipment) makes ignitrons A and B fire earlier, increasing the 
welding current and heat. 

Instead of voltage-regulator tubes, this circuit uses a voltage- 
regulating transformer^^-® or stabilizer (S2T, upper left in Fig. 
26C). The rectified output of tube 1 is filtered by IX and 1C, so 

*If the supply voltage decreases, the compensator corrects for this 
change also. 
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that a steady and constant d-c voltage appears between points 6 
and 2. A voltage divider (IR, 2R, 2P and 3/2) sets the potentials 
at points 7, 8 and 10. 

Between points 8 and 2, notice tube 3 in series with 4/2. This 
tube is merely a high-vacuum rectifier tube, but it has emission- 
limited '' operation; the amount of current passing through this 
tube depends on the heat of this tubers filament. All the elec- 
trons emitted by its special cathode* pass to anode 14 and 
through 4/2. We shall see that the tube-3 filament heat is raised 
by increasing the voltage produced by S7T. If the welding 
current increases, the S7T voltage also rises, increasing the emis- 
sion of electrons and the current flow through tube 3 and 4/2; 
the increased voltage drop across 4/2 lowers the point-14 poten- 
tial, so that tubes 7 and 8 fire later and the welding current 
decreases, as is explained above. 2 *' ^ 

26-6. Electronic Switching to Heat Tube 3. — If welding cur- 
rent flowed at all times, the tube-3 filament could be heated 
directly from C.T, in Fig. 26(7. However, most spot or seam 
welding requires the flow of welding current for short times, 
separated by ^‘cooF^ times when no current flows. During these 
cool times (or before the weld begins), the tube-3 filament must 
not cool; it must be kept near the during- weld temperature, 
to be ready to give correct control as soon as welding current 
starts to flow. Therefore, whenever no welding current flows, 
the tube-3 filament is heated from a stand-by supply, provided 
by transformer 9T; during the weld, the filament is switched! 
or connected to transformer SjT, so it is then heated by current 
that changes as the welding current changes. 

This switching of the tube-3 filament is done by thyratron 
tubes 10, 11, 12, and 13, grouped in one comer of Fig. 26(7. In 
the center of this group is P7Tj whose secondary heats the 
tube-3 filament. Notice how these tubes act as a double-throw 
contactor. 

When no welding current flows, tubes 10 and 11 are passing 
current. During one half cycle, h S9T winding forces electrons 

* Many kinds of tube cathode are damaged if the filament is cooled 
until all its electrons flow to the anode. 

t Some types of eurrent-regulating compensator include a magnetic 
contactor to switch the tube-3 filament from Sr to the stand-by supply. 
However, since this contactor may have to operate many times each second, 
it is replaced here by all-tube switching. 
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Fig. 26 r. — Cunent-regiilating compen'?ator for resistance welding (CR7503-D160). 
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to flow from terminal 58 through PIT to midtap 24, cathode to 
anode of tube 10, to >S9 J'; a half cycle later, the other S9T wind- 
ing forces electrons to flow from 59, through P7T to 24, through 
tube 11 to S9T. When welding current flows, tubes 10 and 11 
are ‘Hurned off,’^ as is explained later; at the same time, tubes 12 
and 13 are ‘^turned on.^^ The voltage produced by one S5T 
winding now forces electrons to flow from terminal 58 through 
PIT to midtap 24, cathode to anode of tube 12, to S5T; a half 
cycle later, the other S5T winding forces electrons through P7T 
and tube 13. In this way, tubes 12 and 13 connect the tube-3 
filament (through P7T) to S5T during a weld; between welds, 
tubes 10 and 11 connect P7T to the stand-by voltage of S9T.* 

When no welding current is flowing, the tube-3 filament heat 
is adjustedt by turning SP; the SP slider sets the cathode-24 
potential of tubes 10 and 11 (for 3P is part of a voltage divider 
5P,i 3P, 37/?). Meanwhile, the control grids of tubes 10 and 11 
receive an a-c voltage from S\ 1 T, through 24/? and 23/?. (PI IT, 
in the lower left-hand corner of Fig. 2hC, receives a voltage that 
is phase-shifted by 28P and IIP, so that it lags about 90 deg 
behind the SIT voltage.) The potential of point 19 (mid-point 
of SllT and also of SIOT) is raised or lowered by the action of 
tube 2P. When greater tube-3 current lowers point 14 and the 
lowered point 19 delays the firing of tubes 7 and 8, the lowered 
point 19 also delays the firing of tubes 10 and 11; this decreases 
the P7T voltage so that the tube-3 filament heat decreases, lower- 
ing the tube-3 current. 

Meanwhile, tubes 12 and 13 pass no current, since S5T fur- 
nishes no anode voltage for these tubes (while no welding current 
flows). Also, the tube grids are held at the potential of slider 

* After TR contact closes (lower left in F'ip;. 26C), P9T receives voltage 
from SIT, However, 27R and 14C combine to make the POT voltage lag 
about 30 deg behind the SIT voltage. Therefore, although tubes 10 and 11 
are fired late by the SllT voltage wave, a large portion of the SOT voltage 
wave is still applied to P7T for heating the tube-3 filament. 

t To help in this adjustment, a milliammetor A shows the current passing 
through tubes 7 and 8; this current increases if these tubes are fired earlier 
in their half cycles. While welding, this current depends on the weld heat 
desired; suppose that A indicates a current of 12 ma. Then, when welding 
current has stopped, 3P is turned until A again indicates 12 ma. With this 
setting, the tube-3 filament has about the same heat, whether the machine 
is welding or not welding. 

X Sliders on 5P and 2P are factory adjustments, not to be changed. 
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23 of 4P, which is about 30 volts more negative than the 3P 
slider 24, cathode of tubes 12 and 13. (A shaft connects 3P and 
4P, so that their sliders turn together; therefore, the voltage 
between these sliders is always the same at any setting.) 

26-6. Action While Welding Current Flows. — When the flow 
of welding current starts (controlled by other circuits, not shown, 
in the main welding-control equipment), voltage appears across 
the welding transformer and across POP. Secondary windings 
S^T now produce voltage for four purposes. (1) The action of 
the SQT windings near tube 9 has been explained.^®"® (2) Another 
SGT winding turns on tubes 12 and 13, by producing an a-c 
voltage (between 4P slider 23 and the control grids), which is in 
phase with the S5T anode voltage.* The tube-3 filament is now 
heated (through P7 T) from S5T, (3) The last S6P winding (near 
tube 6) has two actions; one is to control the signal tube 15, 
as is explained later. (4) This last SQT voltage is also rectified 
by tube 6, to turn off tubes 10 and 11 (as next explained) and dis- 
connect the tube-3 filament from the stand-by supply of S9T. 

Until this S&T voltage appears, no electrons pass through 
16P or tube 6, so IOC has no charge. The grid of tube 4A is 
at the potential of point 30, which is so far below cathode 10 
that tube 4A passes no current; with no voltage drop across 12P, 
point 20 is at the high potential of point 6, so cathode 20 of tube 
14 is so positive that tube 14 has no effect. However, when the 
56 P voltage appears, it is rectified by tube 6 and produces a 
voltage drop across 16i?. Capacitor IOC is charged to this volt- 
age, raising the grid potential of tube 4A. Electrons now flow 
from 10 through tube 4A and 12/2 to 6. As the potential at 
point 20 is lowered, the cathode of tube 14 becomes so low that 
current flows through tube 14, 23/2 and 24/2, and lowers the con- 
trol grids 60 and 61, so that tubes 10 and 11 cannot fire, no 
matter what potential exists at point 19. 

While welding current flows, the amount of this current may 
be adjusted by turning IP (at the right in Fig. 26C) ; this is now 
the heat-control dial, in place of the similar dial on the main 
welding-control equipment. When IP is turned clockwise, so 
that all the IP resistance is in circuit, little current flows through 
IP and 31/2, so a large voltage is produced across PSP by the C.T. 

* The S6T windings now furnish voltage,’ since welding current flows 
through C.P. 
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current; the ShT and S7T voltages are also large, raising the 
tube-3 filament heat. Of course, tube 3 at once passes more 
current, lowering points 14 and 19, delaying the firing of tubes 
7, 8, A and B, so that lowest heat is supplied to the weld. When 
IP is turned up, shorting its resistance, more current flows 
through 3 IP and PbT, lowering the voltage across PbT, The 
tube-3 filament receives less voltage; points 14 and 19 rise, firing 
tubes 7, 8, A and B earlier and increasing the heat at the weld. 
At the '^full-heat setting of IP, enough of 31P should be in cir- 
cuit, so that tubes A and B pass current during only about nine- 
tenths of each cycle, as the weld begins; then, as more metal 
enters the throat, the compensator can advance the firing of 
tubes A and B to prevent a decrease of welding current and heat. 

26-7. Lamp Signals for Full Heat. — Tube 15 is a neon glow 
lamp (center of Fig. 26C) that signals the operator when tubes 
A and B are firing so early that the entire voltage wave is already 
being used to produce welding heat. When tube 15 glows 
brightly, no further correction can be made by the compensator 
circuit, even though the tube-3 filament cools and ‘^asks^^ for 
greater weld heat. When the main ignitron tubes are fired 
slightly later in their a-c half cycles, so that less than full heat is 
obtained at the weld, lamp 15 does not glow brightly. Lamp 15 
is controlled by thyratron tube 5. The supply voltage for light- 
ing lamp 15 comes from a 230-volt winding of 5127" (above lamp 
15). During the half cycle when S12T terminal 10 is more 
positive than 38, lamp 15 never glows; tube 4P acts as a rectifiei 
and prevents electron flow through lamp 15 at this time. How- 
ever, when terminal 38 is more positive than 10, electrons may pass 
through tube 4B; lamp 15 glows if tube 5 is not passing current. 
(Electrons flow from 10, cathode to anode of tube 45, through 
lamp 15 and 32P to 38.) However, if thyratron 5 fires, the volt- 
age between its anode 34 and cathode 10 drops to about 15 volts;* 
this is also the voltage across tube 45 and lamp 15, and it is not 
enough voltage to make lamp 15 glow brightly, t So, whenever 
tube 5 fires, lamp 15 haTs very little glow. 

* Most ef the iSfl2T’ voltage is now across 32/2. 

t At the start of each cycle, a slight delay in firing tube 6 (as mentioned 
later) might let lamp 15 glow slightly; prevent this, 15(7 and 39/2 art 
connected across lamp 15 and tube 45. Enough voltage cannot appear 
across lamp 15 to make it glow, until 15C has been charged (by electrons 
flowing through 395). This charging requires qijly cycle, but it is 
long enough to let tube 5 Are first. 



402 


ELECTRONICS IN INDUSTRY 


[Chap. 26 


Tube 5 does not fire unless its control grid is raised by a volt- 
age appearing across 13(7. With no 13(7 voltage, the tube-5 
control grid is at the potential of point 30; because of the voltage 
divider 14/2 and 15/2, point 30 is about 30 volts more negative 
than cathode 10. To fire tube 5, we must produce a voltage 
across 13(7 that raises point 33 (nearest the tube-5 grid) nearly 
30 volts more positive than point 30. 

Capacitor 13r is charged by the a-c voltage produced by S12T 
(below tube 4J5 in Fig. 26(7); this voltage appears across S12T Sbt 
all times after the TR contact has closed. During that half cycle 
when the tube-5 anode is positive, the 60-volt S12T winding is 
also positive at its terminal 32, so electrons flow from its terminal 
29, through the S^T winding to mid-point 30 and into 13C. 
When no welding current is flowing (and SQT produces no volt- 
age), the S12T voltage forces these electrons to charge 136^ 
during the entire half cycle; the potential at point 33 quickly 
rises high enough to fire tube 5 and prevent lamp 15 from glowing. 
(During the next half cycle, 13(7 is charged in the reverse direc- 
tion, but this does not matter.) 

When welding current flows, the voltage produced by the upper 
half of the SiST winding (between mid-point 30 and terminal 
29) opposes the S12T voltage. This is shown in the lower center 
of Fig. 26(7, where half cycle U is the S12T voltage, and Si\T 
produces voltage V, Both of these are 60-volt waves, so the 
voltage V exactly matches voltage U at all parts of the half 
cycle, except at the gap. (During this gap, there is no flow of 
welding current; current has stopped flowing in one ignitron 
and has not yet started to flow in the other ignitron.) Since 
voltages U and V offset each other, there is no voltage left for 
charging capacitor 13C, except during the gap; the shaded part W 
is now the charging voltage. Here the width of W is ) 8 of the half 
cycle or about Kooo sec. This time is long enough to let voltage 
W force electrons through 30/2 to charge capacitor 13(7 to more 
than 30 volts, since the time constant'*-^ is only 0.0005 sec. As 
long as there is such a gap in the V voltage, capacitor 13(7 is 
charged enough to fire* tube 5. 

* Notice that, owing to the natural shape of the welder-voltage wave V, 
tube 5 is not fired until after a delay X; this shows the need for 15C and 
39/2, as is explained in the previous footnote. 
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However, when the ignitrons are fired earlie^, so that the 
full wave of voltage is being applied to the welder, the gap dis- 
appears from the S&T voltage V. When this gap has almost 
disappeared, only the “sliver^’ of voltage Y remains. The 
time width of this Y voltage is less than the time constant (of 13(7 
and 30i2) ; this charging voltage comes and goes before 13(7 can 
charge to enough voltage to fire tube 5. 

This current-regulating compensator often may advance the 
firing of the ignitrons so that full heat is obtained. The tube-9 
circuit^®'^ keeps both ignitrons firing so that the entire voltage 
wave is applied to the welder. Just as this full-heat point is 
reached, tube 5 fails to fire, so lamp 15 glows, to show that no 
greater heat may be obtained. 

Questions 

True or false? Explain why. 

1. In Fig. 26A, if tube 5 is removed, tubes 4 and 6 stop glowing. 

2. In Fig. 26A, if ignitron A fails to fire, this has no effect on the voltage 
across capacitor 90. 

3. In Fig. 26A, if the leads are reversed to F62', this has no effect on the 
operation of tube 9B. 

4. If 2\R burns open (near tube 7 in Fig. 26^4), the welding current 
increases. 

6. The firing of tubes 7 and 8 (in Fig. 26A ) makes transformer F produce 
all its voltage peaks in the same direction; however, if F is connected across 
an a-c voltage, its alternate peaks occur in opposite directions. 

6. In Fig. 260, if tube 3 is removed, (o) the S7T voltage increases a 
large amount, (b) If a weld is now tried, it is too hot. 

7. In Fig. 260, if 4F is turned slowly, the SiM" voltage fires tubes 12 
and 13 at various points in the half cycle. 

8 . In Fig. 2iS(\ if one wire is disconnected from P6T, (a) there can be 
no flovr of welding current, (b) If a weld is now tried, tube 15 glows. 

9. In (b) of Fig. 26/?, the tiibe-9/? circuit has no effect if voltage Y is 
60 volts, equal to voltage Z. 

10. In Fig. 260, if tube 1 is removcAl, there will be no welding current. 



CHAPTER 27 

ELECTRONIC SERVICE INSTRUMENTS 

Hundreds of kinds of electronic measuring devices are in use;* 
many books describe such instruments. Here we look at the cir- 
cuits of only three instruments, such as are used in industry to 
service or check other electronic equipments and fast-moving 
objects. These instruments appear in Fig. 27 A. Without an 
electronic voltmeter and an oscillograph, f good maintenance 
of most tube-operated equipment is very difficult. 

Detailed instruction for the use of such instruments is not 
intended here; instead, let us study the circuits of these tube- 
operated instruments, to see how they can measure voltages 
and supply information far beyond the range of most electric 
instruments. 

27-1. The Need for a Vacuum-tube Voltmeter. — Why get an 

electronic voltmeter, when you already have a d-c voltmeter? 

Recently a plant electrician, trying to measure the d-c volt- 
age supplied to tube circuits in a seam-welder control, found that 
he could not use his voltmeter, for the 3'^-amp fuses in this d-c 
circuit blew open as soon as he connected the voltmeter. This 
old instrument needed too much current, { to move its pointer; 
connected across 300 volts d.c., it drew more than ampere. 

Ordinary voltmeters may draw 1 to 100 milliamperes when 
measuring 100 volts. While such meters may be good enough 
to measure power voltages, see what happens when they are used 
on electronic equipment having high-resistance circuits. 

Suppose that your voltmeter draws 10 ma (Koo ampere) when 
connected to 100 volts d.c. The resistance inside this voltmeter 
is 10,000 ohms (100 volts divided by }ioo ampere); this meter 

• Chapter 21 describes potentiometers, which are electronic instruments. 

fThe cathode-ray oscillograph, whose picture tube*’ is watched as its 
picture changes, is often called an osciUoacope^ or “scope.” 

t Very few modem instruments need as much as of this amount of 
current. 
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is said to have 100 ohms per volt. * Now try to use it to measure 
any voltage in Fig. 275. 

The voltages shown in Fig. 27 B are the true voltages when 
there is no tube-C current. If you connect your 100-ohms-per- 
volt meter between A and 5, it will not show 90 volts; there will 
be less than 82 volts between A and B. The current drawn by 
the meter must pass through the 1000-ohm resistor 15. At 82 
volts, the meter draws 8.2 ma; this current causes 8.2 volts more 
drop across 15, so that the A-to-B voltage becomes 90 — 8.2 
or 81.8 volts. 



Fig. 27B . — What kind of voltmeter can measure the voltages of this oircuit? 

Now try again, using a better voltmeter, which is marked 
^^2000 ohms per volt.'' If a 150-volt scale is being used, the 
meter now has 150 X 2000 or 300,000 ohms. Connected across 
90 volts d.c., only ^%oo,ooo or 0.0003 amp passes 

through the meter. When this meter measures the A-to-5 
voltage, the meter current causes only volt drop across 15, 
a difference too small to be seen on the meter. 

Next connect this meter from E to B to measure the voltage 
across resistor 85. This reading is low on the 150-volt scale, 
so the 30-volt scale is used instead. At 2000 ohms per volt, the 
meter resistance is now 60,000 ohms. Since the meter is now in 
parallel with the 50,000 ohms of 85, the total resistance between 
B and E is reduced nearly to 27,000 ohms, so the voltage across 
85 drops to about 8 volts; the voltage increases across 65 and 75. 
Such a meter cannot read the true circuit voltage, for the meter 
current changes the circuit voltage. 

* If the meter has several voltage scales oV connections, each scale may 
have a different value of ohms per volt. 
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Even the best of d-c voltmeters (having about 20,000 ohms per 
volt) cannot read the grid voltage of tube D, between grid G and 
cathode F. Figure 27 B shows that is 15 volts more negative 
than F (for there is no grid current or voltage across 5i?). Using 
a 30-volt scale, the meter resistance is 600,000 ohms. When this 
meter is connected between G and F, this 0.6-megohm meter 
resistance is in series with the 1 megohm of 5/2. The 15 volts 
between E and F is divided so that nearly 10 volts appears across 
5/2, and the voltmeter reads less than 5 volts from G to F. Also, 
since the grid of tube D is only 5 volts negative, tube D passes 
anode current; the meter disturbs the tube-D circuit. 

In contrast, the electronic or vacuum-tube voltmeter connects 
the unknown voltage to the grid circuit of a high-vacuum tube. 
The tube grid draws no current from the measured circuit; a very 
small current may pass through a voltage divider inside the 
instrument. The instrument next described has an internal 
resistance of about 10 megohms, so it causes little or no distur- 
bance when used to check most industrial electronic circuits. 

27-2* An Electronic Voltmeter (RCA VoltOhmyst, Type 196). — 
The circuit of this instrument is shown in Fig. 27C. The main 
meter circuit is at the right; the circuits at the lower left include 
a voltage divider, so that the meter pointer may be moved 
across the whole scale by only 5 volts, or b^'' 10, 50, 100, 500 or 
1000 volts as chosen by a range switch. The circuit near 
tube 4 is added, so that this instmment may measure a-c voltages; 
another circuit includes a 3-volt battery, so that this instrument 
may measure ohms and megohms. 

This instrument operates from a 50-cycle or 60-cycle supply 
at 105 to 125 volts. Transformer windings (not shown) provide 
low voltage for all tube heaters. Tube 3 rectifies the a-c supply 
voltage; 1/2 and 1C filter this voltage so that about 86 volts d.c. 
appears between points 1 and 2. 

This voltage is applied to a four-sided bridge circuit, with the 
meter connected between the corners 3 and 4. In this bridge 
8/2 is equal to 9/2, and tube 1 is like tube 2; 4/2 is equal to 5/2. If 
the current flowing through tube 1 is exactly equal to the tube-2 
current, the voltage from point 1 to 3 is equal to the voltage 
from point 1 to 4. Since 3 and 4 have the same potential, no 
current flows through 10/2 and the meter; the meter reads zero. 
However, if the tube-1 control-grid potential is raised so that 



A-cvoltsi I t— 1 A-csupply .... * I I Zero adjustment 



Fig. 27C. — Circuit of an electronic voltmeter (RCA VoltOhmyst, type 196). 
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tube 1 passes more current than tube 2, the incireased voltage 
drop across 9i? forces point 3 to a lower potential than point 4. 
Some of the electrons that flow from point 2 through 6JB, hR and 
tube 1 now pass through the meter and lOR to point 4, through 
SR and 7R to point 1. Since the meter needle moves across the 
whole scale when a current of only 200 microamperes (0.0002 
amp) flows through the meter, point 3 needs to be only a small 
part of a volt below point 4; a tiny increase in the tube-1 current 
causes the meter reading. 

The grid voltages 5 and 7 of tubes 1 and 2* are received through 
selector switch S2, This switch has five positions, to choose 
whether the meter is to measure ^‘Ohms,'^ “A-c volts, 

+ Volts'^ (d.c.), — Volts’’ (d.c.), or to be in the ‘‘Off” position. 

All the contacts of this switch are moved by a single handle or 
dial; in Fig. 27C the contacts of S2B, S2Cj S2E and S2F all con- 
nect to the “ + V” terminal, so the meter is now set to measure 
the d-c voltage between ground ( 4 ) and a point more positive 
than ground. To bring this voltage to the instrument for meas- 
urement, the “D-c” pointed blue probe and the “Ground” black 
clip (at the left in Fig. 27 C) are connected to the voltage. 
Notice that the ground clip is connected through switch S2B 
(lower center) to the grid of tube 2. The blue “D-c” probe 
(containing the high resistance 2072) is connected through 
switches S2E, Si A and S2C to the grid of tube 1; the voltage 
being measured appears between the tube-1 grid and the tube-2 
grid. When this voltage is 5 volts, the meter needle swings 
across the whole scale. 

To measure 100 volts, range switch SIA is turned to thb 
“ 100-volt ” position. (At the same time, SlBy SIC and SID turn 
also, but the voltages controlled by them are not being used 
while the selector is in the “—V” position.) The 100 volts 
d.c. is applied (between point 10 and ground) to the string of six 
resistors in the divider, but only 5 volts (appearing across the 
lower three resistors) is applied to the grid of tube 1. Now let 
us see how this grid voltage controls tubes 1 and 2. 

Tubes 1 and 2 are connected with resistor 672 to act as a “long- 
tailed pair,” as described in Sec. 16-6. The anode current of 

* Tubes 1 and 2 are pentodes; since two grids of each tube are connected 
to anode and cathode, only the control grid (nearest the cathode) is used 
for controlling the anode current. 
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both tubes passes through 6/2. When the measured voltage is 
zero, both grids 5 and 7 are at ground potential; meanwhile, 
point 2 is 50 volts more negative than ground. Enough current 
flows through tubes 1 and 2 to produce more than 50 volts^ drop 
across 6/2 so that cathodes 6 and 8 are more positive than grids 
5 and 7. If the measured voltage increases, raising the tube-1 
grid potential, more electrons flow through 6/2, 5/2 and tube 1. 
Since the increased drop across 6/2 raises the potential of point 9, 
cathode 8 of tube 2 rises also. (Meanwhile, the tube-2 grid 
remains at ground potential.) The tube-2 current decreases. 
We see that a more positive potential at tube-1 grid turns on tube 
I (lowering point 3) and turns off tube 2 (raising point 4) ; the 
voltage between points 3 and 4 forces current through the meter, 
so that its pointer moves ui)scale. 

If the potential at the blue ^^D-c probe is more negative 
than ground, the meter tries to “read ))ackward.’^ However, we 
may turn the selector switch to the position; S2B now 

connects the blue probe to the grid of tube 2, while S2C connects 
the tube-1 grid to ground. The measured negative potential 
decreases the tube-2 current (raising point 4) ; less current through 
6/2 lowers the potential of point 9 and cathode 6, so the tube-1 
current increases (lowering point 3). The meter now reads 
upscale as the measured voltage becomes more negative. 

27-3. Measuring A-c Volts and Ohms, — When the selector 
switch S2E is turned to the position, in Fig. 27C'', the blue 

probe is not connected and cannot be used. The red probe is 
now connected, through selector S2Fj range switch S\C and 
capacitor 4C, to the anode of tube 4A. This tube circuit changes 
the measured a-c voltage into a d-c signal (as next described), 
which appears at point 12; S2E connects this signal to point 10, 
so switches SIB and S2B apply a d-c voltage to the grid of tube 2. 
Meanwhile, the tube-1 grid is connected to ground. (These grid 
connections are like those used in the position; wo may 

expect that the measured a-c voltage forces point 12 more nega- 
tive than ground.) 

During that half cycle* of a-c measured voltage when the red 
probe is more positive than the ground clip, electrons flow from 
ground, cathode to anode through tube 4 A into capacitor 4C, 

* This instrument may be used to measure a-c voltages at frequencies 
from 30 to 100,000 cycles per second. 
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returning through SIC and S2F to the red probe. ^ A half cycle 
later, electrons flow from the red probe into 4(7 ; then they must 
pass through the 1-megohm resistance of 16/2, 18/2 and 17/2, cath- 
ode to anode of tube^ 4B, to ground. The electrons flow easily 
through tube 4A to charge 4(7 to the crest of the measured a-c 
voltage;* this charge makes the 4C right-hand terminal (nearest 
point 12) more negative. Little of this charge can be removed 
during the negative half cycle, since fewer electrons pass through 
the 1-megohm resistance. (The time constant of this resistance 
and 4C is sec, so the AC voltage decreases very little during a 
half cycle.) Because of this switching action of tube 4 (4A and AB 
in the same tube), the charge on capacitor 4(7 keeps point 12 more 
negative than ground. This 12-to-ground voltage is filtered or 
smoothed by 5C, so that its effect (through S2E to point 10) is the 
same as a — V” d-c voltage. 

When the measured a-c voltage is zero, there is no charge ou 
4r, so points 12 and 10 are at ground potential and the meter 
reading is zero. A-c voltages up to 100 are applied directly to 
tube 4; this larger 12-to-ground voltage is a])plied to the same 
divider (below point 10) as is used for d-c measurements, and S\B 
applies part of this voltage to the tube-2 grid. When SIC is 
turned to the 500- or 1000-volt position, only i)art of the a-c 
voltage across the divider (21/2, 22/2, 23/2) is used for charging 4C. 

To measure resistance, the selector switch is turned to Ohms.” 
This measuring is done when the resistance circuit is disconnected 
from all electric power, so the electronic voltmeter includes a 
3-volt battery (near the center of Fig. 21C) to supply a voltage for 
the tube-1 grid. From the negative or grounded terminal of this 
battery, electrons flow through the ground clip to the unknown 
resistance, returning through the red probe and S2F to point 13, 
through >S1D and 30/2 to the positive battery terminal. Notice 
that 30/2 and the unknown resistance act as a voltage divider, 
which controls the potential at point 13; the voltage across the 
unknown is used to raise the point-13 potential, applied to the 
control grid of tube 1. (The tube-2 grid is at ground potential.) 
If the unknown resistance has less ohms than 30/2 (9.5 ohms), 

* After 4C is charged by tliis a-c voltage, the instrument draws only 
enough current to restore the tiny amount lost during the negative half 
cycle, and also the current that passes through the 1.5-megohm voltage 
divider. 
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most of the 3 volts appears across 30/2. The rest appears across 
the unknown, and raises the tube-1 grid potential very little; the 
needle remains at a low-resistance reading. If the unknown is 
much greater than 30/2, nearly the entire 3 volts appears across 
the unknown, and raises the tube-1 grid so that the meter needle 
swings up to a higher resistance reading. If SID is turned to 
the X 100^’ position, the imknown resistance is now in series 
with about 1000 ohms; if the unknown resistance is also about 
1000 ohms, the meter needle rests halfway up-scale, at the 
10-ohm mark. * To measure a very large resistance, SID may con- 
nect about 10 megohms in series with the unknown; the meter 
scale now reads directly in megohms. 

27-4. The Cathode-ray Tube. — cathode-ray oscillograph is 
an instrument (shown in Fig. 27 A) that includes a cathode-ray 
tube instead of a meter. Such an instrument is used as a volt- 
meter ;t the measured voltage moves a spot of light, seen at the 
end of the tube, instead of moving a needle or a pointer. Since 
this spot of light can move much faster than a pointer, the oscillo- 
graph shows quick changes of voltage; it traces curve pictures on 
the end of the tube that show how a circuit acts within a small 
part of a second. 

The working parts of a cathode-ray tube are shown in Fig. 27 D 
and again at the lower right in Fig. 27 E, This tube is nearly 12 
inches long; narrow at one end, it widens at the other end to a 
circle 3 inches across. The bright spot or ^‘picture ” is seen in this 
circle, so this end of the tube appears at the front of the oscillo- 
graph (as shown in Fig. 27 A), 

Many different voltages are connected to the tube to make 
it work. Figure 27D shows that this high-vacuum cathode-ray 
tube has a filament, a heated cathode, a control grid and an 
anode; so far, this tube is merely a pliotron (described in Sec. 7-4). 
It has also a second anode and two pairs of deflecting plates. 

Electrons from the heated cathode are attracted toward both 
anodes. The second anode is 1100 volts more positive than the 
cathode, so the electrons reach such high speed that most of 

*Thi8 10-ohm reading on the meter scale must be multiplied by 100, 
since SID is set at X 100"'. 

t This applies to the type of tube described here. Some cathode-ray 
tubes use* coils outside to move the electron beam; such a tube responds to 
current in the coils is used like an ammeter. 
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them shoot past the anode and strike the circle ekd of the cath- 
ode-ray tube. The inside of this glass tube circle or screen is 
coated with a fluorescent ^'paint/' which glows when the electrons 
strike it at high speed.* Instead of letting the electrons scatter 
over a large portion of this painted end, the first anode bends the 
paths of the electrons so that they all strike at one tiny spot on 
the tube end, or screen. This focusing of the beam of electrons is 
adjusted by a slight change of potential at the first anode, which 
acts like a screen grid. 



Front of , 
oscillograph --H 

Deflecting plates 


6riol'\ >Ca\hodit First SecorkP" f^rizontal Vertical 
^vV ariQdie ano'ole / — — - 


View 


screen circle 

Fig. 27D. — Parts of a cathode-ray tube and their connections. 


Saw-tooth voltage 
from sweep circuit 


Here the cathode, control grid and two anodes act as an electron 
gun; together they shoot a narrow stream t of electrons toward 
the target, or screen. After leaving this gun, the stream of 
electrons may be controlled or bent by the voltage connected to 
either pair of deflecting plates, as a bullet's direction may be 
changed by the wind or by gravity. Since the electrons have a 
negative charge, the electron stream is attracted or bent toward 
a deflecting plate that is more positive. % By making that deflect- 
ing plate more negative, the stream is repelled so that it strikes 
the screen at a different spot. (Usually one plate of each pair is 

* Fluorescent lights also glow when electrons strike such a paint" on 
the inside wall of the glass tube. 

t The grid is a solid piece of metal with one small hole, which is the only 
path by which electrons may pass toward the anodes. The second anode 
also has a small hole, which aims the electrons between the deflecting plates. 
Similar electron guns are used in television tubes and in the electron 
microscope. 

t A magnet held near the tube will also bend the electron stream and 
move the bright spot. 
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held at ground potential.) So, by changing the potential of a 
deflecting plate inside the tube, the bright spot is moved across 
the face of the tube screen. 

Many lines or curves may appear on the screen at the same 
time; all these curves are made by the same spot, or electron 
beam, which moves back and forth across the screen so many 
times each second that your eye sees all these movements at once. 
The paint’’ used on most cathode-ray-tube screens holds the 
bright marks for perhaps }{o sec after the electron beam has 
passed; this helps to produce a steadj^ picture or curve, without 
flicker. After the electrons strike the screen, they return (to 
ground) through a circuit ^ ^painted” inside the glass of the tube. 

The oscillograph, whose circuit is studied later, furnishes all the 
voltages needed by the cathode-ray tube. Two wires from the 
oscillograph are connected to the voltage you wish to measure; 
the oscillograph applies this voltage to one pair of deflecting 
plates inside the tube. This is usually the ^^\"ertical” pair of 
plates; any voltage at these plates makes the bright spot move 
up or down on the screen. A voltage at the other, or ^‘Horizon- 
tal,” pair of deflecting plates makes the spot move to the left 
or to the right. By combining these up-and-dowm and sidewise 
movements, the bright spot traces the curve of the voltage that 
is being measured. 

When no voltage is applied to either pair of deflecting plates, 
a single bright spot is seen on the screen.* If only the vertical 
plates receive voltage, the spot traces a straight line up and down 
on the screen. The height of this line increases if the measured 
voltage increases. Rapid changes in this voltage cannot be seen 
unless the bright spot is moved from left to right at the same time. 
This sidewise movement is produced by a “sweep circuit” inside 
the oscillograph, which makes and applies a special voltage to 
the “horizontal ” plates. This special voltage has a “saw-tooth ” 
waveshape, shown in Fig. 27 D) this voltage gradually makes one* 
of the horizontal plates more positive, so that the bright spot 
moves slowly t from left to right; in this way, any sudden changes 

* The tube may be damaged if this bright spot remains still for a long 
time. 

t This movement is too fast for your eye to follow. When the oscillo- 
graph shows a single wave of 60-cycle voltage on the screen, the bright spot 
moves from left to right in sec, but comes hack, right to left, in about 
five-millionths sec. 
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in vertical or measured voltage appear as brealg in a curve. 
When the bright spot reaches the right-hand side of the screen, it 
returns very quickly to the left-hand side, to start another left- 
to-right movement. 

27-6. A Cathode-ray Oscillograph (DuMont Type 164E). — 

Figure 27 J? shows the circuit of this oscillograph, which operates 
the cathode-ray tube 6 at the right. At the left, tubes 1 and 2 
rectify a-c power so that 400 volts d.c. appears between point 1 
and ground bus 2, while 1100 volts d.c. appears between 2 and 
point 3 and is applied to the electron gun, as shown in Fig. 27 D, 
Connection terminals on the front of the oscillograph are 
shown as small circles in Fig. 27E, Between terminals V and G 
we connect the voltage whose waveshape we wish to watch on the 
screen. Before we connect this voltage or see how it is changed 
into a curve on the screen, let us learn how to adjust the bright 
spot on the cathode-ray tube. 

After the oscillograph connection cord is plugged into a 115-volt 
a-c outlet, the ^^ntensity^' dial switch IR (at the bottom of Fig. 
27E) is turned, to close the circuit to the supply transformer. 
After about 20 sec, the tubes become heated; then, as 1/2 is 
turned further (clockwise), the green* spot may appear in the 
tube-6 circle on the front of the oscillograph. This turning of 
1/2 raises the tul)c-6 grid potential, so that more electrons pass 
the grid, rush tow^ard the anode, and strike the screen; turning 1/2 
can dim the si)ot and make it disappear, entirely hy grid control. 
The spot may be inch across; turning 2/2 will focus this spotf 
to a small bright point. 

At first, the spot ma}^ appear anyw^here on the screen circle, or 
it may be oW the screen, out of sight. However, turning 3/2, 
V-Position,” moves the spot up or dowm, w^hile 4/2, ^^H-Posi- 
tion,^^ moves the spot to left or to right. Notice that one deflect- 
ing plate of each pair is connected to the second anode and to 
ground; the other '^horizontar' plate is connected to terminal 
//, and through 16/2 to the slider of 4/2. Also, the other ‘Werti- 
* Some cathode-ray tubes show a blue or a w^hite spot, depending on the 
kind of fluorescent paint used on the screen. 

t Notice that the first anode, connected to 2R, is at a potential lower 
than the second anode. This voltage between these anodes (helped by the 
shape and position of the first anode) makes all parts of the stream of 
electrons come together at the screen. Turning 2R adjusts this focusing 
voltage. 
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car^ plate is connected through 15i2 to the slider of 3i2. By the 
turning of 3R or 4/2, the deflecting-plate potential can be made 
more positive (near the point-8 end) or more negative than 
groimd, so that the plate either repels or attracts the electron 
stream and controls the position of the bright spot on the screen. 
Later, when voltage signals are brought through capacitors 9C 
and 11(7 to these deflecting plates, the resulting curve may be 
moved as a whole on the screen by 3/2 and 4/2. 

The H and V terminals (at the right in Fig. 27E) are on the 
back of the oscillograph. By the removal of small wires here, the 
deflecting plates may be disconnected from the oscillograph 
circuits;* if test voltages are then connected between plate 
terminals H or V and ground, these voltages directly move the 
spot on the screen (about 1 inch for each 30 volts applied). 

27-6. Amplifiers in the Oscillograph. — To let you watch the 
waveshape of small voltages, amplifier circuits are included in 
the oscillograph. A pair of outside wires brings the voltage to 
terminals V and G (near the left-hand side of Fig. 27 E ) ; this a-c 
voltage now appears across 5/2. With the 5/2 slider turned clock- 
wise, less than 1 volt (applied between V and G) makes the bright 
spot move 1 inch up or down on the screen. This is a gain^’® of 
more than 30, since 30 volts (directly on the deflecting plate) is 
needed to move the spot 1 inch. 

This voltage at 5/2 slider is applied to the control grid of tube 
3, so that this grid swings above and below the ground potential 
G. This changes the amount of tube-3 anode current; these 
electrons flow from ground 2 through 12/2, f tube 3, 17/2 and 2X 

* The main oscillograph circuits can apply only a-c or changing voltages 
to the deflecting plates; such signals must pass through capacitors 11(7 
and 9C. If the tested voltage includes any d-c voltage, this d-c portion 
will not be shown in the wave on the screen. For checking industrial elec- 
tronic circuits, we often need a “scope’' that shows d-c as well as a-c volt- 
ages. In Fig. 27Ej we gain this result by removing the wire jumper above 
plate-terminal V; V may then be connected to the slider of a 5-megohm 
potentiometer. When one side of this potentiometer is connected to 
ground, the other side is connected (through a protective fuse and resistor) 
to the voltage to be tested. Such changes to oscillographs are described by 
B. L. Weller in Servicing Resistance Welding Controls, Electronics^ January, 
1943. 

t The voltage drop across 12R charges 21(7 so that the tube-3 cathode 
remains several volts more positive than ground; this 21C voltage is the 
negative grid bias for tube 3. 
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to positive point 1. When the tested voltage drives the tube-3 
grid more negative, current decreeuaes in tube 3 and 17 R; the 
point-4 potential rises, making the V deflecting plate more 
positive. 

When the tested voltage is 150 volts,* the 5R slider is turned 
down so that a very small part if this voltage reaches the tube-3 
grid; in this way, the F-gain^’ is decreased, and the bright spot 
or wave is kept inside the screen circle. 

Near the center of Fig. 27E, if switch 2S connects terminal 
H to IOC, an outside voltage may be connected between H and C, 
to control tube 4 and the point-6 potential, applied to the ‘‘Hori- 
zontal” deflecting plate. However, for most service or tests on 
industrial equipment, 2S is turned to “Sweep,” so that tube 4 is 
controlled by the changes of potential at point 5. 

27-7. The Sweep Circuit. — To move, or “sweep,” the bright 
spot from left to right across the screen so that we can see the 
rapid vertical changes of tested voltage, the circuit around tube 5 
is used. Tube 5 is a small thyratron, as described in Sec. 11-2. 
Let us watch its action, as if in slow motion. 

The 400-volt d-c supply (at the left in Fig. 27 E) forces electrons 
to flow from grounded point 2 through 24jK to point 7, and 
through 25R to positive point 1 ; this keeps the tube-5 cathode at 
least 4 volts above ground potential. (Meanwhile, turn 8R 
until the tube-5 grid is at gound potential.) Electrons flow 
through 24/2 also to charge capacitor 14C (or other capacitors 
connected by “Frequency ” tap switch 4S), then through 45, 26/2 
and 7/2 to point 1. 

When 14C first starts to charge, there is little voltage across 
14(7; there is not enough voltage 5-to-7 to fire tube 5. The 
potential at point 5 is low, so the tube-4 grid prevents much 
tube-4 current; the point-6 potential is high and keeps the bright 
spot at the far left on the cathode-ray-tube screen. However, as 
the electron flow gradually charges 14C, the point-5 potential 

* Each oscillograph has an upper voltage limit, such as 100 or 250 volts a.c. 
To see the waveshape of higher voltages, connect five 26,000-ohm (or higher) 
resistors in series across the voltage; the voltage across the center resistor 
may then be within the safe range of the oscillograph. 

Since one side of the tested voltage is connected to the G terminal, which 
is connected to the outer case of the oscillograph, the oscillograph should 
be on a wooden tabic; while it is connected to a high voltage, its case must 
not be touched. 
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Fig. 27 E . — Circuit of a cathode-ray o««cillograph (DuMont type 164E). 
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rises steadily; the tube-4 current increases, steaclily lowering the 
point-6 potential so that the bright spot moves toward the right 
across the screen.* 

When the 14C voltage becomes large enough (20 to 40 volts), 
tube 5 suddenly fires, letting 14C discharge almost instantly. 
(Electrons flow from 14C-terminal 7, through tube 5 and the 
switch 4S to the upper terminal of 14C.) . Point 5 drops suddenly 
to the potential of point 7, so the tube-4 current drops; the poten- 
tial of point 6 rises so quickly that the bright spot returns across 
the screen (from right to left) faster than the eye can follow. 
Since capacitor 14C is discharged, there is no voltage 5-to-7, and 
the tube-5 current stops; 14C then starts to charge, again making 
the bright spot sweep across the screen. By this slow-charge — 
fast-discharge action, f 14C and tube 5 make the point-5 poten- 
tial follow' the saw-tooth waveshape (showm in Fig. 27D) needed 
for th9 sweep circuit. 

If a 60-cycle voltage wave is being applied to the vertical plates 
(through F, tube 3 and point 4 as described above), a single 
1 -cycle wave will appear and stand still on the screen if tube 5 is 
fired exactly 60 times each second. The size of 14(7 is chosen so 
that, after adjusting the amount of resistor 77i, the 14C voltage 
rises and fires tube 560 times each second, f 

27-8. Synchronizing the Wave. — No matter how' carefully 7/2 
is controlled, the position of the curve may move slowly across 
the screen. To hold this curve still, tube 5 may be fired by 
changing its grid potential; to do this, the tube-5 grid is connected 
to a voltage that is in step wdth the curve on the screen. This is 
called synchronizing the w^ave. 

Near tube 3 in Fig. 27 E is a switch 35. When 35 is thrown 
to the “Internal” position, the changing voltage between point 
4 and ground is now applied across 8/2. After 7/2 has been set 
so that the curve moves very little on the screen, the 8/2 slider 
is turned up (clockwise) so that more of the 4-to-ground voltage 
reaches the tube-5 grid; this “locks” the wave, to hold it still. 

*In some oscillographs the spot sweeps toward the left and returns 
suddenly left to right. 

t Here tube 5 acts as an inverter, as described in Sec. 20-1. 

X If tube 5 fires a bit too often, the 1-cycle wave moves toward the right 
across the screen and may cause many waves to appear at the same time; 
if the 7R resistance is increased to that 14C charges more slowly and tube 5 
fires less often, the 1-cycle wave may move to the left. 
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Each time point 4 rises, the tube-5 grid also rises. Tube 6 is 
fired always at this one point in the wave, so the curve on the 
screen always starts at the same point on the wave; the curve 
''stands stilL^^ 

If you wish to see three or four waves of the 60-cycle voltage 
on the screen at one time, switch AS is turned to connect 13C into 
circuit in place of 14C. This larger capacitor takes more time 
to charge, so tube 5 fires less often; by the adjusting of 7/2, 
three, four or five waves can appear side by side on the screen. * 
Because of the synchronizing voltage from point 4, the picture 
changes suddenly from three waves to four waves as 7/2 is 
turned. 

When testing 50- or 60-cycle circuits, it is better to synchronize 
the wave on the screen by setting SS to the "ExternaF' position, 
and by making a wire connection between the '^Ext'^ and 
terminals (as shown by the broken line in Fig. 27 E). This C 
terminal provides a test-signal voltage; a 6.3- volt transformer 
winding furnishes voltage through 27/2 and 23C so that 6.3 volts 
at 60 cycles t appears between C and G. When this 6.3- volt a-c 
signal is connected across 8/2, tube 5 may be fired in step with this 
60-cycle signal. This is useful also when the vertical plate is 
disconnected from the tube-3 circuit, and receives its voltage 
directly (as is mentioned in Sec. 27-5, footnote). 

27-9. A Stroboscope (General Radio Company Strobotac Type 
631-B). — When this instrument shines its flickering light on an 
object that is turning or vibrating at high speed, that object may 
appear to be standing still or moving slowly. As shown in Fig. 
27A, this stroboscope has a neon tube that gives a very short 
flash of light; its electronic circuit can make this light flash 
14,400 times per minute. A dial is turned to adjust this flashing 
rate to as low as 600 per minute. When this light makes a fast- 

* In other positions, 45 connects smaller capacitors into circuit, so that 
tube 5 fires hundreds or thousands of times per second. These high sweep 
speeds are used with high-frequency waves (such as are found in radio 
circuits). If tube 5 fires 300 times per second, a 60-cycle voltage (applied 
between V and G) appears on the screen as five waves crossing each other, 
for the bright spot passes across the screen five times while the 60-cycle 
wave is changing through one cycle. 

t This test signal may be used (by a wire connecting terminals C and V) 
to check the operation of tube 3. If the oscillograph is supplied from 115 
volts, 60 cycles, the 6.3-volt test signal is also a 50-cycle voltage. 
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turning motor appear to stand still, then the light is hashing once* 
each time the motor turns; since the dial is marked to show how 
often the light is flashing, it also shows the motor speed. 

The circuit in Fig. 27F shows that the 116-volt a-c supply is 
rectified by tube 1 and filtered by 8C, 21R and 9(7 so that about 
250 volts d.c. appears between points 1 and 4. At the right, the 
neon tube 3 produces the flashes of light; tube 3 is a cold-cathode 
thyratron which does not fire until its control grid 11 is driven 
about 100 volts more negative than its screen grid 12, so that a 
glow starts between these two grids, t When fired, the tube-3 
current flows until its anode voltage (5 to 4) decreases to less than 
60 volts. If the light flash (caused by this current) lasts more 
than a microsecond, the fast-turning object moves far enough 
during the flash to be blurred. Let us see how a short-time flash 
is produced. Turn the selector dialt to a high-speed position, 
so that the IS contact opens, disconnecting 2C. 

Above tube 3, capacitor 1C is charged by electrons flowing 
from negative point 4 into IC, then through IR to positive point 
1. Resistor \R has 3000 ohms, so 1C charges in less than 
sec and full d-c voltage appears across tube 3. When grid 11 is 
driven more negative for an instant (as described later), tube 3 
passes current. Capacitor 1C discharges through tube 3 almost 
instantly. Since there are no resistors in this discharge path, 
the discharge current is large (causing the bright flash in tube 3) ; 
IC discharges so quickly that the flash lasts less than a micro- 
second. At once 1C recharges, to be ready when grid 11 again 
fires tube 3. 

Usually tube 3 is fired rapidly by tube 2 acting as an oscillator. 
Before watching this action, notice how tube 3 can be fired by a 
contactor outside the instrument; the selector dial is turned to 
‘‘Contactor” position, moving the switch-2iS contact (shown near 
the center of Fig. 27F) to the right. Such an outside contactor 

♦ The motor also appears still if the light flashes once for each two turns 
of the motor. If the light flashes twice for each turn of the motor, you see 
the motor in two positions; every second flash shows the motor at the half- 
turn position. Select the highest flashing rate that shows the motor in 
only one position. 

t Gbrmbbhausbn, K. J., and H. £. Edobrton: The Strobotron, 
ElectronicSy p. 12, Feb., 1937. 

{The selector dial has six positions (shown in Fig. 274, but not in 
Pig. 27F). This one dial moves the contacts of IS, 2S, ZS and 4S. 
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may be driven from the shaft of a motor whose motion is being 
studied; although the motor speed may change, each turn of the 
motor flashes tube 3 once. 

While the outside contactor is open, there is no electron flow 
through 18ft, and capacitor IOC is charged to the voltage between 
points 8 and 4. Control grid 11 is at cathode-4 potential, and 
screen grid 12 is about 60 volts above 4; this amount of voltage 
between grids 11 and 12 is not enough to fire tube 3. 



Fig. 27F . — Circuit of a Strobotac (General Radio Company type 631-B). 


Each time the contactor closes, point 8 is suddenly low^ered to 
point-4 potential. As capacitor IOC discharges, it forces current 
through 4ft, so that grid 11 is forced more negative than 4. Grid 
11 reaches a potential more than 100 volts below^ that of screen 
grid 12; this voltage starts a tiny arc or glow between 1 1 and 12, 
which fires tube 3. An instant later, when IOC has discharged 
and current through 4ft stops, grid 11 is back at cathode-4 poten- 
tial. Tube 3 cannot fire again until the outside contact opens and 
recloses. 

27-10. Timing the Flashes. — Tube 3 may be flashed by the 
action of tubes 2A and 2B in Fig. 27ft. (The two triodes 2A and 
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2B are in one tube.) Before contact 2S connects t)oint 8 to the 
anode of tube 2J5, notice that tube 2 A is passing anode current; 
electrons flow from cathode 4 to anode 7, through 17i2, 19/2 and 
21/2 to point 1. Both grids 9 and 10 are slightly more positive 
than cathode 4. As shown at the left in Fig. 27G, point 8 is at 
high potential, but anode 7 is at low potential because of the 
voltage drop across 17/2 caused by the flow of tube-2A current. 

As soon as 2S connects point 8 to tube 2B, electrons flow 
through tube 2B, 18/2, 19/2 and 21/2 to point 1. The voltage drop 


n Poientioil at grid 12^ t \/" 

Cathode 4^ rv \ Y 

F Grid II This voltage \ ][ 

flashes tube 3 f l«sl^es tube 3l_!J 




Fio. 27G. — Timing of light flashes controlled by multivibrator action (of tube 2 in 

Fig. 27F). 


across these resistors forces point 8 to a lower potential (as shown 
at A in Fig. 27G) and flashes tube 3 as described above. The 
8-to-3 voltage decreases, so capacitor 7C tries to discharge to 
this lower voltage;* electrons flow from point 9 through 16/2, 12/2 
and 13/2 to point 2, through 19/2 and 18/2 to 7C. The voltage 
drop across 16/2 forces grid 9 far below point 3 and cathode 4 (as 
shown at B); this reduces the tube-2A current quickly so that 
point 7 rises (at C). Now there is a delay until 7C has discharged 
enough to let grid 9 rise close to cathode 4. At D, tube 2A again 
passes current, lowering point 7 (at E). The 7-to-3 voltage 

* Keep the selector dial in a high-speed position, so that the ZS contacts 
are open; 4C and 5C are not in circuit. 
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decreases, so capacitor 6C starts to discharge to this lower volt- 
age; electrons flow from point 10 through 1672, 12/2, 13/2, 19/2 and 
17/2 to 6C. The voltage drop across 15/2 forces grid 10 far below 
cathode 4 (as shown at F); this reduces the tube-2jB current 
quickly, so that point 8 rises (at G), Now there is a delay until 
6C has discharged enough to let grid 10 rise close to cathode 
4. At Hj tube 2B again passes current, the grid-11 potential 
drops and tube 3 flashes; all these actions are repeated.* 

Part (a) of Fig. 27G shows circuit voltage waves when the 
speed dial 13/2 is near the low-speed end of its range;t the 13/2 
slider is not far above the ground potential of cathode 4. The 
time delay caused by 7C and 6C lets the impulses J occur far 
apart, so as to fire tube 3 less often. However, in (6) the 13/2 
slider has been moved to a higher speed part of its range, and the 
13/2 slider is at a higher potential above ground. Now, when 
the point-8 potential drops (owing to tube-2jB current), grid 9 
is forced more negative than the 13/2 slider, as before; 7C dis- 
charges at the same rate as before. However, at L the grid-9 
potential comes near the cathode-4 potential, so tube 2A passes 
current earlier. The dips M occur closer together and fire tube 
3 at a faster rate. 

With the selector dial in the ^^Strobotac High^^ position, 13/2 
controls the flashing speed from 14,400 down to 2400 times per 
minute. For lower speeds, turn the selector to the “Strobotac 
Low'' position; this closes contacts IS and 3S in Fig. 27F. This 
connects capacitor 5C to 7C so that the time delay of *^7C dis- 
charging" becomes four times as long (compared with 7C alone); 
also, 4C is in parallel with 6C, so that the grid-10 potential rises 
more slowly than before. 

At these lower flashing speeds, contact IS adds capacitor 2C to 
1C. The added charge in 2C causes a longer flash of light each 
time tube 3 fires; although flashing less often, this longer flash 

* A circuit like that of tube 2 in Fig. 21 F is also called a multivibrator. 
Notice its ^^suicide” or snap action; as grid 9 rises above cutoff, the 
start of tube-2ii current lowers point 7 and grid 10 slightly. This decreases 
the tube-2J8 current so that point 8 rises, giving a further and more sudden 
rise at grid 9, to speed the turn-on of tube 24. 

t If the selector dial is at the '‘Strobotac Low" position, tube 3 flashes 
about 600 to 900 times per minute, at the low-speed end of the 13/2 dial. 
In the ‘‘Strobotac High" position, tube 3 flashed* four times as fast. The 
curves in Fig. 27Cr apply to either of these selector positions. 
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helps to shine as much total light on the moving obj|ect as is given 
in the high-speed range. 

The sliders on 1112 and 1212 adjust the flashing rate at 900 and 
3600 (on 60-cycle supply), with the help of a vibrating reed (not 
shown) driven from a low-voltage transformer-1 T winding; the 
light from tube 3 shines on this reed, which ‘‘stands still’' when 
the light flashes exactly 9Qp or 3600 times per minute. 

Tube 3 flashes exactly in step with the power-supply frequency, 
if the selector dial is turned to the “Line” position; this closes 
contact 4S, so that voltage from transformer IT is applied 
through 2012 to point 8. Each downward swing of this voltage 
fires tube 3, giving 3600 flashes per minute (on 60-cycle supply). 

Questions 

1. In Fig. 27Ey which dials can change the height of an a-c wave on the 
tube screen? 

2. In Fig. 27F, list five important timing combinations^- of R and C 
(while the selector is in a *‘High^^ position). 

Trtie or false? Explain why, 

3. When measuring a d-c voltage with the instrument of Fig. 27C, the 
only current drawn from this voltage is the current flowing through the 
divider (point 10 to ground). 

4. When measuring ohms in Fig. 27C (with S\D set at R X 1), greater 
current is drawn from the battery when the meter pointer is moved upscale 
(reading higher ohms). 

6. When reading 300 volts with the instrument of Fig. 270, more current 
flows through the meter than when reading 3 volts. 

6. If 30 volts d.c., applied at the V deflecting plates of a cathode-ray 
tube, will move the bright spot 1 inch away from center, 30 volts a.c. will 
move the spot much more than 1 inch from center. 

7. The position of the bright spot (on the screen of the instrument of 
Fig. 27E) can be moved only by a change of potential at the deflecting 
plates. 

8. With the oscillograph of Fig. 21E set for *‘Internar^ synchronizing, an 
a-c wave on the screen reverses, or becomes upside down, when the wires 
from the measured a-c voltage arc reversed at V and G, 

9. If a broken contact in Fig. 21 F prevents ZS from connecting 5C to 7C, 
while 4C is connected to 6C, the flashes of tube 3 are still equally spaced. 



CHAPTER 28 


NONELECTRONIC DEVICES 


Today many of the electronic circuits used in industry include 
devices that are not electronic, but that add greatly to the suc- 
cessful operation of the circuit. Some of these nonelectronic 
devices are described briefly here. 

28-1. Tachometer Generator. — In much the same way as a 
speedometer moves a pointer to indicate the speed of a car, the 
tachometer generator produces a voltage that shows how fast its 
own rotor is turning. For example, such a generator may pro- 
duce 50 volts when turning 1,000 rpm and 150 volts at 3000 rpm. 
When tube-operated circuits are used to control or regulate the 
speed of a rotating unit, and that unit mechanically drives such a 


1 

I 

Output voltage 
increases as 
speed rises 





Tachometer 

^^generator 


Polarity reverses^"'' 
when driven in 
reverse direction 



Driven by 
another unit 
as by motor M 

Fig. 2SA, — Taolioineter-gencrator voltage bhows si)eed and direction of turning. 


generator, the ^Mac^’ furnishes the electrical signal that 
‘Hells the electronic circuit how fast the unit is turning. 

This tachometer is an ordinary d-c generator, in that it 
has a rotating armature with commutator and brushes (as shown 
in Fig. 2SA); its field strength is kept constant, for it is furnished 
by permanent magnets (not requiring any field winding or wire 
connections). Since the “tac'^ supplies mainly a voltage, with 
very small current flow (if any), it is quite small. 

28-2. Amplidyne.’'' — This d-c rotating unit may be either a 
motor or a generator. Its armature^®’ ^ is like that of an ordinary 
♦ Alexanderson, Fi. F. W., M. A. Edwards, ariid K. K. Bowman, The 
Amplidyne Generator, General Electric Review^ March, 1940; Mohlbr, F., 
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d-c motor. It is usually a two-pole ipachine, but iis nonmoving 
part has its windings distributed in slots. If four brushes are 
used, two of these are shorted, or connected together, as shown in 
the amplidyne generator in Fig. 28C. 



0-c input D-c output 

f/io amp. 100 volts 40 amps 100 volts 

Fi<i. 2SB . — Field current of one generator may control large output from a second 

generator. 

An am])lidyne acts much like an ordinary d-c machine; when 
it is used as a generator, its output voltage increases when you 
increase its field* current; as a motor, its speed increases when 
you decrease its field current. The advantage of the amplidyne 
is that much smaller field currents are needed; with only 30 to 
100 ma (0.03 to 0.1 ampere) input to its field winding you may 
control 10 to 200 amperes output from its armature circuit. A 



Fui. 2H(\ - Connectioiib of an amplidyne generator. 


similar increase of current is obtained when two ordinary d-c 
generators are connected as shown in Fig. 28B, Here a 10- watt 
input signal at the field of generator A controls 4000 watts^ out- 
put from generator B; however, such a combination of two sepa- 
rate generators is slow to respond when the input signal changes. 


The Amplidyne — A New Tool of Many Uses, Iron and Steel EngineeVy 
September, 1940; Felix, F., What is the Amplidyne? General Electric 
Review y August, 1943. 

This refers to a control field. 
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The amplidyne of Fig. 28(7 combines these two generators into 
one machine; very small current in winding F causes the turning 
armature A to generate a large current in the short-circuit con- 
nection S] this current in S causes the armature A to generate 
current at higher voltage in the output winding G, The watts' 
output G may be 2000 to 25,000 times as large as watts' input F. 
Of special importance, a signal change at F causes the out- 
put G to change very quickly. Since its speed of response is so 
much faster than that of an ordinary d-c machine, the amplidyne 
combines well with the speed of tube-operated circuits. Since 
currents of 100 ma are easily controlled by certain high-vacuum 
tubes, we may use sensitive electronic circuits directly to con- 
trol an amplidyne. In this way, the amplidyne itself may act as 
an amplifier,* in turn driving loads that require many horsepower. 

In many industrial circuits, the amplidyne is used as an exciter, 
supplying field current to a larger generator, as shown in Fig. 28Z). 

28-3. Amplid3me Fields. — In its simplest form, the amplidyne 
generator is controlled by just one field winding Ff as in Fig. 
28(7. However, such a field winding is so small that three or four 
like it can be placed within the available space; in this way we 
can control one amplidyne generator from several signals at the 
same time. Figure 28D shows such an amplidyne generator 
being controlled by three separate fields //, S and V ; its armature 
A supplies direct current to the field of a larger generator G. We 
can control hundreds of kilowatts' output at 0 merely by chang- 
ing the 1-watt signal at //, 5 or 7 . { 

Field V lets the amplidyne of Fig. 28Z) act as a regulator to hold 
constant generator voltage at GV. Here you first select the 
desired generator voltage by turning R] the voltage RV comes 
from some standard supply, such as a battery or a voltage-regu- 
lator tube. Notice that, if this reference voltage RV is just equal 
to the generator voltage GV,. there is no voltage drop across 
amplidyne field V, and no current flowing in this field winding; 

♦ The amplidyne gives great amplification and is the logical connecting 
link between electronic control circuits and large d-c apparatus. In a 
similar way, the saturable reactor^*-* is used as a connecting link between 
electronic control circuits and large a-c apparatus. 

t There is also the compensating field P. The compensating and main 
control-field windings of an amplidyne have the same magnetic axis as the 
load current in the armature. 

t Figure 28/) does not show circuit refinements that improve stability. 
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alone, V now causes no output from amplidyne A, so there can be 
little voltage at GV. In operation, GV finally becomes several 
volts less than RV\ this voltage difference forces just enough 
current through field V so that the amplidyne A excites the 
generator 6? to produce voltage 
GV, If some change of load 
causes GV to decrease, the 
voltage difference between GV 
and RV increases, quickly 
strengthening field V ; this 
strengthens the field of G, to 
bring GV back to normal. 

To hold constant speed (in 
Fig. 28Z)) of a motor M that 
operates as the main load on 
generator G, we see that am- 
plidyne field S controls A and 
the field of G to produce such 
speed control. If the speed 
of M drops, the voltage of T 
decreases; this tiny voltage 

change at T is amplified to Fio. 28D.-Separate ampUdyne fields 
produce enough change of regulate voltage, control spl^, and 
current in field S, to boost 
GV and raise the speed of motor M to normal. 

28-4. Antihtmt Methods. — In most regulating systems, such 
as that shown in Fig. 28I>, we need an antihunt, or stabilizing cir- 
cuit;^^'^° without it the generator voltage GV may rise and fall 
(or ''hunt”) so rapidly that the system cannot settle down to a 
steady voltage. Field H is an antihunt field; because of its 
connection in series with capacitor C, it can act only when circuit 
voltages are changing. When the amplidyne output voltage 
A 7 is steady or constant, capacitor C has charged to this 
voltage A F ; no current flows now into or out of (7, so there is no 
current in field H, If A F increases slowly, capacitor C will charge 
to this higher voltage by drawing so little current through H that 
its effect may be neglected; when AF increases quickly, the 
large current needed to charge C also causes such a signal in field 
H that it "bucks down” the amplidyne output AF. By the 
stopping of such changes in amplidyne voltage, the rest of the 
system is likewise prevented from hunting. 
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Sometimes the antihunt signal is produced by using a trans- 
former instead of capacitor C just described. In Fig. 2SE such 
an antihunt transformer is shown,* with its primary winding 
connected across the amplidyne output voltage AV. Is it 
strange to see an a-c transformer used in a 
d-c circuit? The d-c voltage AV forces 
'' current through AIIT primary (l-to-2); no 

j l^n voltage is produced at AHT secondary 

j (3-to-4) as long sis AV remains steady. 

I I Remember that a transformer\s secondary, 

I I output, voltage is produced by a change 

I I in primary, or input, voltage. If AF sud- 

I I 3 1 denly increases, AHT quickly produces a 

5 secondary voltage, which forces current 

I j ^ ^ through field H in such direction as to 

I Iaht ^ ‘^buck down,” or reduce, AV. 

Anibhunt 28-6. The Peaking Transformer. — Tliis 
\rm rmer transformer produces peaks of voltage from 

Fio. 2&E. Antihunt it'" •'secondary winding, as shown in Fig. 28F, 
tiaiiaformer used with although its primary input voltage is a sine 
an ainphdj lie. wave. It is an ordinary two-winding trans- 

former, except that its special iron core contains much less metal 
than most transformers of the same size. The ty])(' more often 

used in resistance- welding heat- 

^1 • -^13 9 • 11 1 \ .Pnmc^ryvoltoiofc 

control circuits^^"^ is called a / Y 

resistance 'peaker, for a large ' \ « / 


Fig. 2SE. Antihunt 
ti anaforiner used with 
an amplidyne. 


,Pnmc«ry voltoiofc 


resistance is used in series with / \ ^Seco^nrfary t 

its primary winding to make the j ^ \ ^ j ^ 

voltage peaks occur at the dt^- 

sired position. 11 / II 

When an ordinary transformer y \ / il 

(with plenty of iron in its core) \ / 

operates with such a primary 

resistor, the resulting curves are Fig. 28F.— rWaveshapeH of a reMistam e 
shown in Fig. 28G. Notice that 

the primary current, which also magnetizes the iron, is nearly in 
phase with the primary voltage; the resulting flux is also a sine 
wave. When this flux is at its highest point A, the amount of 
flux is not changing at that instant, so no secondary voltage is 
♦ See also Sec. 17 - 12 . 
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produced, as at J5. However cycle later, when flux is zero 
(at C) the amount of flux is changing so rapidly that it produces 
the greatest secondary voltage D. 

In Fig. 28H, curves 1 and 2 again show how the flux changes 
smoothly in an ordinary trans- 
former, producing a smooth sine 
wave of secondary voltage. 

However, if the amount of trans- 
former iron is purposely de- 
creased in the section around 
which the secondary is wound, 
then this smaller amount of iron 
cannot hold the usual amount of 
magnetic flux. When the pri- 
mary’^ current increases, the flux 
increases in this iron up to the 
limit where the flux cannot 
increase further. The iron becomes ^^saturated,^^ so the 
amount of flux must stop changing, as in the flat part of curve 
3 of Fig. 28//. The flux is changing normally between A and 
5. However, there is not enough iron to let the flux increase 


^--^Prlmoiry voltage 
\ Primary current 


Secondary 

voltage 



Fig. 28 Cr. — Waveshapes of a standard 
transformer (with series resistance) . 



Fiq. 2SH . — Producing the peaked wave of the peaking transformer. 


higher than S, so the flux does not change further until it is time 
to decrease at C. The flux changes normally between C and D, 
but cannot change beyond D. As curve 2 shows the secondary 
voltage produced by the gradual flux changes of curve 1, so curve 
4 shows the secondary voltage produced by the flattened flux 


432 


ELECTRONICS IN INDUSTRY 


[Chap. 28 


curve of 3. Between C and D, where the flux is changing nor- 
mally, the secondary voltage is as high as usual. Between B and 
C, where the flux is not changing, there can be no secondary 
voltage. 

To make a peaking transformer with a steep, narrow peak, 
the core material (like transformer iron) is carefully designed so 
that it becomes saturated very soon after the magnetizing current 
changes direction, as shown in curve 5 of Fig. 28H. The mag- 
netic flux remains constant so long (F to G) that only a very small 
part of each cycle remains (E to F, and G to H) for producing the 
secondary voltage peaks of curve 6. In this way, a saturated 
transformer produces a voltage peak at the instant when its flux 
is crossing the center line. 

If we fit these voltage peaks into their proper places in Fig. 
28(j, the curves of Fig. 2SF result. This resistance peaker pro- 
duces its secondary voltage peaks near the beginning of each 
cycle of primary voltage.* 

28-6. The Saturable Reactor. f — This is a variable inductance; 
it looks like a transformer and has two separate windings on an 
iron core, as sketched in Fig. 28/.} When no current flows in the 
direct-current winding, the reactor has large inductance; it acts as 
a choke,” preventing the flow of much alternating current 
through its a-c winding. However, when even a few milli- 
amperes of direct current flow through the many turns of this 
d-c winding, the iron core becomes saturated and it loses its 
inductive effect; it is less able to prevent a.c. from flowing through 
its a-c winding (just as withdrawing the plunger of a solenoid 
decreases the effect of the plunger iron, so that the solenoid’s 
inductance decreases). Briefly, we increase the flow of alternat- 

* A capacitor and a reactor are sometimes connected in series with the 
primary of a peaking transformer, to act as a resonance filter; their sizes 
are selected so as to permit 60-cycle current to get through to energize the 
peaker, yet they prevent voltage transients from causing unwanted peaks. 

t This is more properly called a saturable-core reactor. Cockreli., 
W. D.: Industrial Electronic Control,*^ p. 84, McGraw-Hill Book Com- 
pany, Inc., New York, 1944. 

X Figure 28/ shows an iron core with four legs. Half of the a-c winding 
is wound on each of two inside legs; these half windings are connected so 
that no voltage is induced in the d-c winding. Many saturable reactors 
are built with a three-legged core; here the d-c winding surrounds the center 
leg, while half the a-c winding is on each outside leg. These a-c half wind- 
ings are connected either in series or in parallel. 
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ing current through this saturable reactor when wp increase the 
amount of current in its d-c winding 

The symbol of the saturable reactor appears also in Fig. 28/. 
In elementary diagrams,*'® the d-c winding is sometimes shown 
separately from the a-c winding, (see Fig. 16C). 

When a saturable reactor is used in control circuits, such as 
for phase shifting, it may be smaller than a fist. When it is 
used directly to increase or decrease the a-c voltage applied to 
furnace loads, motors or banks of lamps, such a reactor is 
rated from 1 to several hundred kva and may weigh hundreds of 
pounds. 


A-c windings 




0-c winding — - D-c flux 
- A-c flux 

Fio. 28J. — Arrangement of windings in a saturable reactor. 

Notice that the saturable reactor acts as an amplifier; a few 
watts of d-c input may control many kva of a-c load. Since it 
is controlled by an amount of direct current that may pass 
through an electron tube, it is a logical connecting link between 
electronic control circuits and large a-c loads.* 

The action of such a reactor is shown in Fig. 28J. The a-c 
winding of saturable reactor SX is connected in series with resistor 
/?, across a steady a-c voltage Z. When no direct current flows in 
the d-c winding of SX^ the a-c voltage X (across SX) is much 
greater than the a-c voltage Y (across R)\ this is the condition 
shown in part (a). 

At the left in Fig. 28J, curve 1-2-3-4 shows how the magnetism, 
or flux, in SX increases (upward) as the current in either SX 
winding increases (toward the right). With no d.c. flowing in 

*The Nicaloi-core reactor (described in Sec. 18-9) differs from that 
above, for it is self-saturating; it has only one winding. 
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SX, the only magnetic flux is caused by a small current in the a-c 
winding; when this magnetizing current is zero (at 1) there is no 
flux. Once each cycle, the current increases to point 5; this 



FlO. 28 /. — Waveshapes in a saturai)le-rea<*tor circuit as the amount of d.c. 

changes. 


increases the flux to 2. This large cliange of flux (from 1 to 
2) each cycle causes the choke efftjct, which limits the amount 
of alternating current in SX ; hero 8X has.large inductance, shown 
by the line U, 
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Part (6) of Fig. 2SJ shows that direct current^ (fidwing in the 
d-c winding of SX) may frtake the reactor operate between points 
3 and 4 on the curve. Here the largest amount of direct current 
is flowing; it may be only 1 or 2 milliamperes, but it flows through 
so many turns of wire (wound around the iron core of SX) that 
it has the large effect shown at G, There is also the effect of the 
current in the a-c winding, so that the effect of these combined 
currents changes between 6 and 7. Notice that this 6-to-7 
change causes only a small increase of magnetic flux, upward from 
8 to 9. This flux cannot change more, for here the iron is nearly 
saturated; the bend in the curve (between 2 and 3) shows that 
the iron is nearly all magnetized. Since the flux does not change 
much, SX now has little choke effect; much more alternating 
current may flow through the a-c winding. The a-c voltage X 
across the reactor is now small; the greater current causes large 
voltage Y across the resistor. Here the reactor SX has small 
inductance, shown by the line S.* 

28-7. Reactor Curves — Medium Saturation. — This far. Fig. 
28J shows that the voltage X across the reactor is a sine vrave, 
when SX either has no current in its d-c winding or has so much 
direct current that SX operates far a):)Ove the bend of the curve. 
When the direct current is decreased to a medium flow, SX has a 
medium amount of inductance; however, the curve of voltage X 
across the reactor is no longer a sine wave, as shown by the heavy 
lines in parts (c) and (d). 

In part (c), the direct current in SX is small, and its effect 
is shown at //. The reactor operates on the steep part of the 
curve 1-2, except during a small part of each a-c wave of magnet- 
izing current. At J this current rises high enough to increase the 
flux to a value above the bend. At this instant, the iron of the 
reactor SX becomes saturated ;t the inductance of SX changes 
suddenly from a large to a small amount. At the same instant 
(at K) the reactor voltage X decreases. As the a-c supply volt- 

* The a-c wave above lino S is more nearly in phase with the a-c supply 
voltage, since SX has lost most of its inductive effeet, and the current is 
limited mainly by resistance R. 

t The magnetism increases more slowly at first, but this permits greater 
current flow in the a-c winding, saturating the iron further; quickly the 
iron of SX changes from an unsaturated to a saturated condition, once 
during each half cycle. 
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age reverses (at L) at the start of the next half cycle, SX becomes 
saturated again at pbint M. 

If the direct current in SX is now increased slightly, part (d) 
of Fig. 28/ shows that SX operates above the bend during a 
larger part of the cycle. Earlier in the half cycle, at N, the iron 
of SX becomes saturated suddenly, and th^ reactor voltage X 
decreases sharply, at P, and again at Q. These abrupt voltage 



Fig. 28K . — Waveshapes in a saturable-reactor i>hase-shifting bridge. 

changes (as at Kj M, P or Q) serve well to control tube-grid cir- 
cuits. Notice that a gradual increase of direct current in SX 
decreases the average inductance during the cycle; at any instant, 
SX has either large inductance or very little inductance. 

28-8. Voltage Curves in a Phase-shifting Bridge. — When a 
saturable reactor is used in the circuit of Fig. 2%K (and as 
described in Sec. 24-3), a queer waveshape of voltage appears at 
Wy applied to transformer P2T, Part (e) shows that, with no 
d.c. flowing in SXy the voltage TT is a sine wave nearly in phase 
with the a-c supply voltage (as though points 7 and 8 were 
together). With large d.c. saturating SX^ part (/) shows that 
the sine wave of voltage W is now about 180 degrees out of phase 
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with the a-c supply (as though points 7 and 6 were together). 
With medium amounts of direct current in SXy parts (g) and (A) 
show how voltage W switches suddenly from the in-phase curve 
to the out-of-phase curve; the solid lines show how the voltage 
waveshape changes as the amount of d.c. increases, causing the 
abrupt voltage change to occur earlier in each half cycle. By 
proper connection of the secondary leads of transformer 2T, each 
sudden saturation of SX is made to cause a sharp voltage rise, 
which may serve to fire a thyratron tube. 

28-9. Constant-voltage Transformer, or Stabilizer. — There 
are many types of this voltage-regulating transformer. Gen- 
erally such a imit includes a capacitor, together with several 
reactors, or windings on a special 
magnetic core. By cleverly com- 
bining the voltages* across these 
various parts, this combination 
furnishes more constant output volt- 
age. If its input or voltage supply 
changes, the transformer absorbs this 
voltage change, keeping its output 



rms voltage unchanged. To accom- 
plish this, the waveshape of its out- 
put may change, but this is often 


Fig. 28 L. — Circuit of a con- 
stant-voltage transformer (reso- 
nant type). 


unimportant, as when its output is to be rectified and filtered 


for a d-c supply to an electronic circuit. Since there are no 


moving parts, the output voltage is corrected within two or 


three cycles after the input voltage, or the load, changes. 

In one type shown in Fig. 28L, the input winding A is on one 
portion of the. iron core and directly induces voltage only in 
winding D. On another portion of the core is the B winding, or 
coil, which is connected across capacitor C (also mounted inside 


the transformer case). The size of capacitor C is chosen just 
large enough so that l/27r/C = 2ir/L.t This combination of 


winding B and capacitor C is resonant at 60 cycles. A large 
current flows backward and forward through B and C, exactly in 
step with the 60-cycle pulse of energy received through the iron 
core from winding A. Notice that the amount of this oscillating 


* To see how these voltages combine, a vector diagram is used, as shown 
in J. A. UttaPs Voltage Stabilizers, EleUronic Industriea, August, 1945. 
t Here/ equals 60 for a 60-cycle transformer; C is in farads, L is in henries. 
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current depends mainly on the constants (henries or farads) of B 
and C, and does not increase when the voltage across A increases. 
This is like' a grandfather^s clock, where the amount of swing 
of the pendulum remains the same whether the clock spring is 
wound tight or loose; the spring supplies only the pulses of energy 
needed to keep the pendulum swinging. Since this current 
swings between constant limits (and since the core inside B 
becomes saturated), the voltage across coil B remains fairly con- 
stant; part of it is used to furnish most of the output voltage of 
the transformer. Coil D furnishes a small part of the output 



Fig. 28 A/. Coiistaiit-voltafio transfoifuer using self-saturating reactor. 

voltage and further corrects or keeps the output voltage at a 
steady value. 

Another type of voltage stabilizer is shown in Fig. 28il/, and 
includes transformer RT, capacitor C and leactor A". X is 
designed so that its iron core saturates to give the performance 
curve X, When the input voltage is low, at L, notice that the 
current A passing through reactor X is much less than the current 
B passing into capacitor C. However, at high voltage //, the 
amount of current D through reactor X is about equal to the cur- 
rent into capacitor (7. When the input voltage is high, the 
current D passing into C (offset by equal current D passing 
through X) causes a voltage drop through the primary winding 
of JSr, so that the output voltage is less. However, when the 
input voltage is low, the current B into the capacitor T 
(unmatched by current A) causes a voltage rise across th(^ pri- 
mary of RTy so that the output voltage is greater than the input. 

28-10. The Selsyn — Electric Gearing. — The selsyn* is a 
kind of motor, or generator. When two selsyns are connected 

*Shoults, D. R., C. J. Rife, and T. C. Johnson, Electric Motors in 
Industry,” p. 168, John Wiley & Sons, Inc.. New" York, 1942. See also 
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together electrically, any movement of the shaft of selsyn 1 causes 
the shaft of selsyn 2 to turn the same amount, as though the two 
selsyn shafts were mechanically geared together. If pointers are 
mounted properly on each of the selsyn shafts, and selsyn 1 is 
pointed at a certain mark on a dial, selsyn 2 will point to the 
corresponding mark on a duplicate dial. For such indicating 
purposes, the selsyns are small units that operate from single- 
phase a-c power supply, as is shown in Fig. 2SN, Similar units, 
designed to operate on direct current, will also indicate position.* 




Kn,. 2SN.— Coiinoctioiis of bingle-phaisc indicator solsyiis. 


Larger units, called 'power selsyiis, oi)erate from a three-phase 
power sui)idy, as shown in Fig. 280. Such power selsyns act like 
wound-rotor (^^slip-ring^^) induction motors, where the three 
collector rings of one motor are connected to the three rings of 
the other duplicate motor. When a-c i)ower is connected to the 
stators of both selsyns, their rotors ‘‘lock together^’ in one posi- 
tion. Neither rotor tries to turn further, for there is no second- 
ary current; the secondary, or collector-ring, voltage of one 
selsyn is exactly balanced or opposed by the secondary voltage 
of the other selsyn. However, when 3^011 turn the shaft of 
sels 3 m 1 , you change the phase position of its rotor and upset this 
balance; current flows through the collector-ring circuit, making 
selsyn 2 turn at the same speed as selsyn 1 . In this ^y(xy, if yon 
drive selsyn 1 at, say, 1000 rpm (bA-^ some other motor), selsjm 1 

Childs, U. S., Magncsyn Remote Indication, Electrical Engineering, Sep- 
tember, 1944; and Johnson, T. C., 8elsyn Design and Application, Ehectrical 
Knginevring, October, 1945. 

* jEWEiJi, 11. (r., and H. T. Faus. A D-r Selsyn for Aircraft, Electrical 
Engineering, June, 1942. 
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acts as a generator and drives selsyn 2 at exactly 1,000 rpm also. 
Here selsyn 1 is a transmitter, selsyn 2 is a receiver. Several 
receivers may be operated from one larger transmitter. 

If a 10-hp selsyn is on the same shaft with a 10-hp motor, 
driving a load, while a duplicate selsyn and motor are driving 
another load, then neither selsyn does any of the work as long 
as both motors turn at exactly the same speed. If for any reason 
motor 2 tries to turn more slowly than motor 1, selsyn 2 begins 
to lag behind selsyn 1; owing to this lag, selsyn 2 immediately 
acts as a motor, drawing power from the three-phase supply. 
This decreases the load on motor 2 but increases the load on motor 


D.c. 

or 

w.c. 


RincjS , connected to 
secondcfry windings on selsyns 

Fio. 280. — Three-phase power selsyns lock together two motor shafts. 

1, SO that they turn at the same speed. Perhaps one selsyn lags 
as much as 20 degrees behind the other selsyn; when the lead 
(transmitted electrically from one selsyn to the other) decreases, 
there is less lag or angular difference between them. 

Instead of using large power selsyns to transmit the kilowatts 
needed to keep two shafts in step, or synchronized, small selsyns 
sometimes control electronic amplifiers and amplidynes,^®"^ 
which control the shaft-driving motors. The current input to 
either selsyn stator is lowest when the two selsyns are in step; 
when one selsyn lags 1 or 2 degrees, the rise in input current 
signals the electronic circuit so that one of the amplidyncs corrects 
the shaft speed. 

28-11. The Differential Selsyn or Phase Shifter. — In the 

electric circuit between any pair of selsyns already described, 
a third, or differential, selsyn may be inserted, shown as D in 
Fig. 28P; the movement of D is equal to the difference between 
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the movement of A and the movement of B,* If selsyns A and B 
are turning at exactly the same speed, D does not move; if A 
turns 1000 rpm forward and B turns 999 rpm forward, D turns 1 
rpm backward. 

If an arrow is mounted on each of the three selsyn shafts and 
pointed at 2 (in lower portion of Fig. 28P), these things will 
happen: (1) if D is locked so it cannot turn, A and B will control 
each other as though D were not in the circuit; (2) if you hold A 
still at 2, and turn D from 2 to 3, 5 also moves from 2 to 3 ; (3) 
if you hold B still at 2, and turn D from 2 to 3, A moves from 2 to 
1 ; (4) with A at 2, if you turn Z) to 5 and lock it there, B points 



I'lG. 28P. — DiflFeiential bels\ii D iua> act ab diffei ential gear. 


to 5, just opposite to A ; if you now rotate A^ B turns at the same 
speed as A, but is always opposite to 4, or 180 degrees from A. 
Although D is not turning, the position of D controls the dis- 
placement between A and JS; although A and B may both be 
turning at 1000 rpm, D is the phase shifter by which you can 
make the arrows of A and B both point at 2 at the same instant, 
or you can displace arrow B so that it lags behind A, 

In electronic control circuits, a multiphase selsyn may be used 
as a phase shifter to produce output a-c voltages that are out of 
phase with the input, or supply, voltage. At one position of its 
shaft (shown at (a) in Fig. 28Q), the output voltage at its rings is in 
phase with the input voltage to its stator. If the shaft is moved 
one-sixth of a full turn, or 60 degrees, (6) of Fig. 280 shows that 
the output voltage now lags 60 degrees behind the input voltage 

* The differential selsyn D has three rings (lilie a three-phase unit), while 
selsyns A and B mav be single-phase or three-phase units. 
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(or the output has been shifted 60 degrees out of phase). Turn- 
ing the shaft to other positions produces other amounts of phase- 



shift of the output voltage. 

28-12. Th 3 rrite. — Thyrite* is a 
resistance material made of silicon 
carbide and baked at high tem- 
perature. To give good electrical 
contact, its two flat surfaces are 



Fig. 28Q.' — UsinR a .selsyii 
phase shifter. 


metal-sprayed. Smaller sizes 
may have wire leads. 

Thyrite has a special action 
when you increase the voltage 
across it. When you double the 
voltage across an ordinary resis- 
tor, the current doubles also, 
since the amount of resistance 
stays unchanged. However, if 
you double the voltage across 
Thyrite, the current increases at 
least 11 times; this shows that the 
amount of resistance decreases 
greatly when the voltage increases. 
Thyrite may be used for lightning 
arresters; it passes very little cur- 
rent at ordinary line voltages; but 
when a lightning surge adds a 
high voltage, the resistance of the 
arrester material instantly de- 
creases, letting the lightning pass 
through the arrester, protecting 
other equipment. When the high 
voltage has passed, the Thyrite 
resistance returns to normal. 
Similarly, Thyrite resistors are 


connected across transformers, motor fields or other inductive 


windings, to absorb or by-pass any voltage surge or ‘^kick^^ when 


such circuits are opened. 


* Trade name used by General Electric Company. See Brownlke, T., 
Calculation of Circuits Containing Thyrite, General Electric RevieWy April 
and May, 1934. 
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28-13. Metallic or Disk Rectifiers. — »Many electronic equip- 
ments include rectifiers that are not electron tubes, but are 
assemblies of metal disks or plates. These are called copper- 
oxide units; more recently selenium rectifiers are being used.* 

Each disk includes two or more different metallic layers, as is 
shown in Fig. 2SR. Where these layers join, there is a blocking 
action that permits a large 
flow of electrons in one direc- 
tion (from copper to copper 
oxide, or from counterelec- 
trode to selenium), but offers 
much higher resistance to 
electron flow in the reverse 
direction. In the forward 
direction each disk alone may 
pass about 1 ampere or loss, 
requiring about 1 volt between 
the two faces of the disk. 

* However, when the voltage is 
reversed, 5 to 10 volts forces 
only a few milliarnperes to 
flow; since this small reverse 
current may flow, the metallic 
rectifier does not have such 
complete or perfect rectifying 
ability as the electron tube. 

There are several sizes of 
rectifier disk; disks of one size 

. . , . ,1 , Fio. 28/2.— Airangemeiit of disks in 

are assembled in stacks, to metallic rectifiers (full- wave bridge). 

provide the needed output cur- 
rent and voltage — more disks in series for greater voltage, more 
disks or stacks connected in parallel for greater current. For a 
simple single-phase half-wave rectifier, all disks are stacked in the 
same direction. For a rectifier with midtapped transformer (to 
pass both halves of the a-c wave, like the tube circuit in Fig. 2/), 

* Hamann, C. E., and E. A. Harty, Fundamental Characteristics and 
Applications of the Copper-Oxide Ilectificr, General Electric Review^ August, 
1933; Harty, E. A., Characteristics and Application of Selenium-Rectifier 
Cells, Electrical Engineering^ October, 1943; Ramsey, G., The Selenium 
Rectifier, Electrical Engineering^ December, 1944% 
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half the disks face in one direction, half face in the opposite. The 
most common metallic rectifier circuit is the full-wave bridge 
connection shown in Fig. 10 J and Fig. 28/2; here no transformer 
center tap is needed. 

28-14. The Thermocouple. — This device lets us measure the 
temperature of very hot objects; it gives an electric signal whose 
strength increases as the temperaure rises. The thermocouple 
is made by joining together one end of pieces of two different 
metals, leaving the opposite ends of these two pieces separated. 
When the joined ends are heated to a much higher temperature 
than the loose ends, a small d-c voltage appears between the loose 
ends. The amount of such voltage is given in thousandths of a 
volt, or millivolts; this explains why delicate instruments or 
electronic circuits are needed to put this tiny signal to work. 

28-16. The Ballast Tube. — This tube tries to hold constant 
current in the circuit in which it operates. Its current flows in a 
filament, like the current in an incandescent lamp, therefore this 
ballast tube* is not electronic. Its filament (usually made of 
iron) is heated by the load current passing through it. Within 
its operating range, any increase of load current raises the tem- 
perature of part of the filament and increases the resistance of the 
filament. After a short time lag, this resistance has increased 
the right amount to bring the current back to its previous value. 

28-16. The Vacuum Contact Tube or Switch. — This tube is not 
electronic ; it is merely a set of metal contact points enclosed in a 
glass or metal tube so that the points may operate in high 
vacuum. In this way these tips may close or open an electric 
circuit by less tip movement than is needed in air. 

28-17. Mercury-contact Tubes. — Built in many forms and 
shapes, these tubes contain liquid mercury. When the tube is 
held in one position, the mercury forms a metallic circuit between 
contacts built through the tube wall; when the tube is tilted, 
the mercury flows to another part of the tube, opening one 
electric circuit, or perhaps closing a different circuit. Such tubes, 
or switches, are not electronic. 

* Cockrell, W. D., ‘Tndustrial Electronic Control,^' p. 6, McGraw-Hill 
Book Company, Inc., New York, 1944. 
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The following list of visual aids can be used to supplement 
some of the material in this book. These films and filmstrips 
can be secured from the producer or distributor listed with 
each title. In many cases these films and filmstrips can also 
be secured from your local film library or local film distributor. 
(The. addresses of these producers or distributors are listed 
at the end of the bibliography.) 

The running time (min), whether it is silent (si) or sound (sd), 
motion picture (MP), filmstrip (FS), or color (C) is listed with 
each title. All those not listed as in color are black and white. 
All of the motion pictures are 16 mm; filmstrips are 35 mm. 

Each film has been listed only once, usuall}^ in the first chapter 
to which it is applicable. However, in many cases it can be 
used advantageously in several of the other chapters. 

Each of the motion pictures produced by the U. S. Office of 
Education has a coordinated silent filmstrip and an instructor's 
manual. Often other films and filmstrips have accompanying 
instructor's manuals. 

CHAPTER 2 

Electronics — An Introduction (USOE 16 min sd MP). Explains 
the nature of electrons and electronic flow. 

Electronics (EBF 10 min sd MP). By means of animation 
explains the flow of electrons. 

Electronics at Work (Westinghouse 20 min sd MP). Explains 
the six basic functions of electronic tubes, how each type 
of tube is used and some of the latest industrial applications. 
Electrons on Parade (Ganz 20 min sd MP). Shows the con- 
struction of a power tube and explains the different uses 
of the tube. 

Modern Aladdin's Lamp (WE 20 min sd MP). Traces the 
development of the vacuum tube and shows in detail how 
it is made and its many applications in everyday life. 
Alternating Current (Castle si FS). Elementary introduction 
to the principles of alternating current. 
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CHAPTER 3 

Radio Technicians Training — Capacitance (Castle 31 min sd 
MP). Shows the flow of electrons through a circuit and 
the charging and discharging of condensers. 

Inductive Reactance (Castle si FS). Explains the basic theory 
of inductive reactance and its application to radio instru- 
ments. 

Capacitive Reactance (Castle si FS). Explains the basic 
theory of capacitive reactance and its application to radio 
instruments. 

Vacuum Tubes (Castle si FS). Describes the theory of opera- 
tion of vacuum tubes and their function in the radio circuit. 

Vacuum Tube and Radio (EBF 11 min sd MP). The three 
principle functions of the vacuum tube in radio arc care- 
fully exjflained. 

CHAPTER 6 

Excursions in Science (GE 4 sd MP 10 min each;. Nontechnical 
discussion of magnetism, electronic* theory of magnetism, 
and the photoelectric tube and its use in industry. 

CHAPTER 7 

\ acuum Tube (EBF 11 min sd MP). By means of animation 
shows the way vacuum tubes work. 

The Diode (USOE 17 min sd MP). Explains tin* ])rincii)les 
of electronic flow across a gap and the ))asic factors of 
the diode tube. 

The Triode — Amplification (USOE 14 min sd MP). Reviews the 
diode j)rinciples, compares the diode and triode, and explains 
the triode amplification circuit. 

Vacuum Tube — Electron Theory of the Diode Tube (Castle* 
IG min sd MP). Explains electron behavior in matter, 
electron source in vacuum tube, the functioning of the tube 
in a circuit and the diode and duo-diode as reflectors. 

CHAPTER 9 

Principles of Gas-filled Tubes (USOE 15 min sd MP). Explains 
the theory of gas-filled tubes, use of gas-filled diode as a 
rectifier, action of the grid in a gas-filled triode and applica- 
tion of a gas-filled triode as a grid-controlled rectifier. 
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CHAPTER 12 

Spot- welding (USOE 20 min sd MP). Use and operation of 
spot-welding equipment. 

Resistance Welding Control (Westinghouse Kit 7 sd Filmstrips). 

CHAPTER 16 

The Inside of Arc Welding (GE 6 sd MP 10 min each). The 
first in this series dealing with the fundamentals of arc 
welding and the four principle factors necessary for good 
arc welding. 

The Story of A-c Welding (GE 35 min sd C MP). Tells in 
detail the complete story of a-c arc welding and its many 
advantages. 

The Story of Arc Welding (Lincoln Electric 25 min sd C MP). 
Complete description and technique of arc welding by 
means of color photography and animation. 

Inside of Atomic Arc Welding (GE 2 sd MP 10 min each). 
Part 1 describes the fundamentals of atomic hydrogen 
welding and Part 2 shows the proper techniques for making 
good welds. 

Unionmelt Welding — I^lectric Welding Processes (Linde 15 min 
si MP). Describes the principles and applications of 
Unionmelt welding. 

Unionmelt Welding in Industry (Linde 15 min si MP). Union- 
melt welding equipment in actual use. 

Unionmelt Welding in Industry — General Applications (Linde 
15 min si MP). Describes the use of Unionmelt welding in 
construction of special items such as transformer tanks 
and large structural shapes. 


CHAPTER 19 

Sound (GE si FS). Describes the physical properties of sound 
waves. 

Radio Antennas — Creation and Behavior of Radio Waves 
(Castle 20 min sd MP). Shows over-all view of the genera- 
tion and behavior of radio waves by means of animated 
drawings and real ])hoti)graphy. 
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Industrial Electronics (General Electric Kit 12 sd Filmstrips) : 


Harnessing the electron 

Grid control of electronic 
tubes 

Electronic relay systems 
Thy-M o-Trol (Th 3 ^ratron 
Motor Control) 

Electronic frequenc}'^ chang- 
ing 

Electronics — today and to- 
morrow 


Electronic tubes as rectifiers 
Fundamentals of electricity, 
Part 1 

Fundamentals of electricity, 
Part 2 

Electronic rectifier equipment 
The electronic control of a-c 
power 

Photoelectric relay systems 


Westinghouse Electronics Course (10 sd Filmstrips). 

When You Can Measure (GE 36 min sd MP). Shows the use 
of many of the intricate electric measuring instruments. 

Measuring Electrical Units, Part 1 (Castle si FS). Describes 
the use and care of instruments for measuring resistance, 
voltage and current. 

Measuring Electrical Units, Part 2 (Castle si FS). Describes 
the use and care of instruments for measuring capacity 
(condensers) and alternating current. 

Sending Radio Messages (EBF 11 min sd MP). Explains the 
basic principles of radio transmission. 

Receiving Radio Messages (EBF 11 min sd MP). The funda- 
mental principles of radio reception are shown. 

Sound Recording and Reproduction (EBF 11 min sd MP). 
Fundamentals of photographing electric sound recording 
and reproduction on films. 

Audio Frequenc}^ Amplification (Castle si FS). Describes 
theory and practice of amplification of the audio wave. 

Radio Frequency Amplification (Castle si FS). Describes the 
theory and practice of amplification of the detected radio 
wave. 

Reproducers (Castle si FS). Describes the construction and 
operation of headphones and loud-speakers. 

Radio Receivers — Principles of Radio Receivers (Castle 17 min 
sd MP). Shows the principles and work of a typical 
radio receiver. 
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SOURCES OF FILMS LISTED ABOVE 

Castle Films, Inc., 30 Rockefeller Center, New York 20, N. Y. 
EBF — Encyclopaedia Britannica Films, Inc., 1801 Broadway, 
New York 19, N. Y. 

Ganz, William J. Company, 40 East 49th St., New York, N. Y. 
GE — General Electric Company, Visual Instruction Section, 
1 River Road, Schenectady, New York. 

Lincoln Electric Company, 12818 Coit St., Cleveland 1, Ohio. 
Linde Air Products, 205 East 42nd St., New York, N. Y. 

USOE — U. S. Office of Education (Obtainable from Castle Films, 
Inc.) 

WE — Western Electric Company, Inc., 195 Broadway, New 
York, N. Y. 

Westinghouse Electric Corporation, 246 East 4th St., Mansfield, 
Ohio. 
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A 

A-c bridge signal, 311 

A-c curve, 7n, 31 

A-c power supply, 30 

A-c switch, 79 

A-c volts, measuring of, 410 

Air cleaner, 32 

Amperes, rms, 34w. 

Amplidync, 222, 227, 232, 426 
Amplidyne fields, 428 
Amplification, 15 
Amplification factor, 21 
Amplifier, 15 
capacitor-coupled, 308 
direct-coupled, 198 
Angstrom, 270 
Anode, 7, 10 

Antihunt action, 232, 236, 346, 429 
Antihunt transformer, 234, 429 
Arc, for firing ignitron, 83 
Arc drop, 77, 116 
in VR tubes, 99 

Arc prevention, capacitor for, 124 
Arc-welding control, 205 
Argon gas, in tube, 99 
Armature-voltage control, 186, 255, 
351 

Audio frequency, 268 
Automatic weld timer, 121 
Averaging time, 89 

B 

Back voltage, 251 
Back-to-back tubes, 80, 157 
Bagmaking machine, 333 
Bailey Pyrotron, 312 
Balancing motor, 309 
Ballast tube, 94, 444 
Base speed, of motor, 186 


Bat, 267 

Battery-charging regulator, 173, 385 
Beam power tube, 57 
Bias, 45n. 
effect of, 294, 298 
self, 296 

Brain, 349, 350, 368, 372 
Bridge circuits, disk rectifier, 103, 
210n., 443 
four-tube, 288 
in voltmeter, 407 
phase-shifting, 155 
Brown potentiometer, 306 

C 

Capacitor, 23, 24 
across relay coil, 30 
for arc prevention, 124 
grid-to-cathode, 124 
in stored-energy welding, 240, 248 
ohms, 151, 152 

Capacitor-coupled amplifier, 308 
(>apa(*itor-pli()tron bridge, 386 
Capacity, between tube electrodes, 
51n., 302, 328n. 

Carrier frequency, 268 
Cathode, 7, 10 
types of, 14 

Cathode-raj'^ oscillograph, 415 
Cathode-ra}" tube, 61, 412 
Centimeter waves, 266, 268n. 
Characteristic curves, 49, 51w 
Cold-cathode tube, 100 
Color, 270 

C/olor response, phototubes, 274 
Color temperature, 272n. 

0)lpitts oscillator, 301 
Commutating capacitor, 283 
Commutator, 185 
Comparing voltages, 220n. 
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Comparison tube, 213 ^ 

Compensator, current-regulating, 
396 

voltage-regulating, 389 
Condenser (see Capacitor) 

Constant speed with changing load, 
357, 378 

Constant-voltage transformer, 396, 
437 

Contact amplifier, 36 
Contact problem, 15 
Contact tube, mercury, 444 
vacuum, 444 
Contactor, ignitron, 85 
Contacts, n-c, 62 

Continuous-balance potentiometer, 
306 

Control grid, 48 
Converter, reed, 305 
Cool time, 120 

Copper-oxide rectifier, 101, 443 
Cosmic rays, 277 
Counter emf, 364, 379 
CR7500 GE controls, CR7501-K115, 
385 

CR7502, 175 
("R7503-A136, 141 
-A138, 134 
-D137, 159 
-D157, 389 
-D160, 396 
-E, 85 
-F118, 121 
-F173, 41 
-F178, 128 
-J, 242 
(117504, 37 
(117505-B100, 330 
-D, 62 
-F121, 327 
-J5, 317 
-KlOO, 107 
-K108, 64 
-NllO, 321 
-SI 19, 344 
-W2A, 336 
-WHO, 339 


CR7500 GE controls, 

CR7607-C116A, 229 
-FlOl, 371 
-G146, 358 
-G219, 379 
-WFB, 209 
CR7508-A109, 181 
CR7509-D110, 165, 167 
CR7511, 36 
Crest voltage, 34, 38 
Critical voltage, 106, 109 
Crystal-controlled oscillator, 302 
Current control, 355 
Current limit, 356, 378 
Current-regulating compensator, 
396 

C‘urve, a-c, 7n., 31 
(Cutoff, 21 

C^utoff-register control, 336 
Cycle, 7n., 263 

I) 

Deflecting plates, 413 
Deionization time, 108n. 

Detector, pinhole, 324 
Dielectric heating, 269 
DifTerential selsyn, 440 
Dimming lamps, 180 
Diode, 7, 14, 75 
Direct-coupled amplifier, 198 
Disk rectiiier, 101, 210n., 259n., 443 
Divider, voltage, 19n. 

Doubler, 33, 34, 60 
DuMont oscillograph, 415 
Duplex tube, 59 
Dynamic braking, 363 

E 

Edison effect, 10 
Electric eye (see Phototube) 
Electron, 6, 11 
Electron behavior, 10 
Electron emission, kinds of, 83n. 
Electron gun, 413 
Electron-ray tube, 340 
Electronic, 6 
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Electronic heater, 285 
Electronic voltmeter, 407 
Elementary diagram, 63 
Elevator-leveling oscillator, 299 
Emitter, 14 

Energy, storage in welding, 239 
stored in tank circuit, 292 

F 

Feedback, electrical, 73, 192w. 

mechanical, 189n. 

Feed-back oscillator, 300 
Fever machine, 270, 285 
Field control, of motor, 186, 194, 
201, 353, 381 

Figures, spectrum chart, 263 
Filament, 14 
Filter, 94 
pi versus L, 98 
light, 275 

Flame-failure control, 69 
Fluorescent lamp, 274 
Flux, in transformer, 165, 431 
FM, 268 
Frequency, 265 
oscillator, 297 

Gain, of a tube, 51 
Gamma rays, 276 
Gaseous {aee Vapor-filled tube) 
Gassy tube, 81?i. 

Gas, ionized, 77, 105 
GE voltage regulators, 225, 229 
Gearing, electric, 438 
General Electric controls (see 
CI17500) 

General-purpose light relay, 321 
General Radio Company Strobotac, 
420 

Generator, 217 
amplidyne, 222, 426 
tachometer, 195, 221, 368, 426 
Germ-killing rays, 274 
Glow lamp, 101 


Grid, control, 15, 48 
screen, 52 
shield, 114 
suppressor, 54 
Grid action, 17 
Grid bias, 45n. 

Grid construction, 57, 114 
Grid current, 18, 31 
Grid rectification, 32 
Ground, 42n. 

Gun, electron, 413 

H 

Half-cycle magnetizer, 165 
Half-cycle welding, 141 
Hard tube, 4n. 

Hartley oscillator, 301 
Heat, 272 
of weld, 119n. 

Heat control, of furnace, 181 
of welder, 159, 162 
Heat ray, 272 
Heat relay, 70, 71 
Heat time, 120 
Heater, electronic, 285 
Heating, induction or dielectric, 269 
Hi-cycle, 269 
High frequencies, 261 
Hold time, 119 
Hunting action, 231 

I 

Ideal tube, 52 
Ignitor, 82 
Ignitron, 81 
impulse firing of, 257 
magnetic firing of, 257 
rectifier-type, 256 
Ignitron contactor, 85 
Ignitron rectifier, 255 
In phase, 146 
Indicator tube, 340, 346 
Inductance, 155 
phase shift by, 153 
variable, 172, 189 
Induction heating, 269 
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Inductive circuit, 176, 177, 202, 
279n. 

Inductotherm, 270 
Infrared, 272 
Instrument, electronic, 404 
Interelectrode capacity, 51n., 302, 
328w. 

Interphase transformer, 254 
Inverse parallel, 80 
Inverter, 278, 281, 366, 419n. 
Ionized gas, 77, 105 

K 

K (degrees), 272n. 

K (ohms), 14 In. 

Keep-alive circuit, 194n., 256 
Kelvin, degrees, 272n. 

Kenotron, 47n. 

Kilocycle, 263 

L 

L filter, 98 
Ladder, 381 n. 

Lagging voltage, 147 
Lamp signals, 401 
Leading tube, 139 
Light, 270 
Light relay, 62 

high-speed, 316, 321, 338 
long-distance, 330 
Light-dimming control, 175 
Light-sensitive {see Photoelectric) 
Limited circuit operation, 237 
Load line, of triode, 50 
Logarithmic scale, 263 
Long-tailed pair, 213, 345, 408 

M 

M (ohms), 141n. 

Magnetic firing, of ignitron, 257 

Magnetizer, 165 

Me, 263 

Megacycle, 263 

Megohm, 26 

Mercury, 75, 82 


Mercury-contact tube, 444 
Metallic rectifiers, 443 
Meter, 266, 404 
Micro-, 263 
Microamperes, 20 
Microfarad, 26 
Micron, 271 
Milliampere, 11 
Millimicron, 271 
Modulated-light relay, 331 
Modulation, 268 
Motor, d-c, 185 
induction, 310 

Motor control, 185, 255, 348, 371 
Motor-generator set, 269 
Mu, of tube, 21 
Mu f, 26n. 

Multivibrator, 285, 424 
N 

N-c (.see Normally-closed) 
Negative-control thyratron, 1067t. 
Neon lamp or tube, 101, 343, 401, 
420 

Nonelectronic devices, 426 
Normally-closed contacts, 62 

O 

Off time, 119 
Ohms, measuring, 410 
Ohms per volt, 406 
Oscillation, start of, 296 
Oscillator, 278, 285, 299, 301 
Oscillograph, 13, 412, 415 
Oscilloscope, 13, 85, 404n. 

Out of phase, 42, 147, 150 
Overvoltage, prevention of, 354 

P 

Parallel, tubes in, 255n., 299 
Peaker, peaking transformer, 138, 
160,430 
Pentode, 54, 94 
Phano-charger, 385 
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PhanotroH) 75 
in inductive circuit, 176 
Phase control, of two tubes by one 
grid, 202 

Phase-shift heat control, 159, 162 
Phase shifting, 147 * 

with d-c signal, 190 
by saturable reactor, 211 
of three-tube rectifier, 245 
unequal half cycles for, 375 
Phase-shifting bridge, 155 
Phasc-shjfting methods, 170 
Photoelectric pyrometer, 91 
Photoelectric rela}', a-c, 31 
a-c, d-c, 65 
d-c, 20 

thyratron a-c, 106 
Photoelectric temperature indicator, 
71 

Phototroller, 67 
Phototube, 19 
Pi filter, 95 
Pinhole detector, 324 
Plate {see Anode) 

Pliotron, 15, 104 
Polarity, of arc weld, 214 
Positive-grid thyratron, 106n., 206 
Potentiometer, Brown, 306 
Power factor, 132 
Power pack, 33n. 

Power seLsyn, 439 
Precipitron, 32 

Preconditioned circuit, 379, 384 
Protectoglow, 70 
Pyrometer, photoelectric, 91 

Q 

Quadrature wave, 229 

R 

Radiation, electromagnetic, 262 
Radio, 266, 267 
Radium, 276 
RC time constant, 26 
RCA VoltOhmyst, 407 


Reactor, 153, 155 ' 
anode, 255n. 
saturable, 172, 432 

control of, 178, 211, 349 
curves, 4^, 436 

self-saturating, 258, 259, 43371., 
438 

Reactrol heating control, 181 
Recorder, temperature, 304 
Rectifier, disk, 101, 21071., 259n., 443 
four-tube, 288 
high-voltage, 32 
ignitron, 242, 255 
phanotron, 75 
six-phase, 252, 254 
for stored-energy welding, 239 
three-phase, full-wave, 248 
three-phase, half-wave, 24271., 255 
tube, 7 

Rectox, 68, 443 
Reeling-tension control, 188 
Reference voltage, 194, 219, 220 
Register control, 333 
Regulator, battery-charging, 173, 
385 

speed, 221 

voltage, 218, 223, 225, 227, 229 
Regulator tube, 99 
Relay, preventing chatter of, 30 
Resistance welding, 118 
(See also CR7503) 

Resonance, 169, 290, 297 n,, 43271. 
Rms voltage, 3471. 

Room-lighting relay, 62 

S 

Saturable reactor, 172, 432 

phase-shifting by, 211, 258, 349, 
436 

Saw-tooth oscillator, 279, 413, 419 
Sciaky welding, 241, 24571. 

Screen grid, 52 
Seam welder, 120 
Secondary emission, 54 
Selenium rectifier, 101, 443 
Self bias, 296 
Self-excited inverter, 283 
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45b 

Self-saturating reactor, 258, 259, 
433n., 438 
Selsyn, 438 
differential, 440 
Sequence control, 121, 125, 128 
Servomechanism, 304w. 

Shield grid, 114 
control by, 135 
Shield-grid thyratron, 114 
Shock-excited, 39 In. 

Shunt d-c motor, 185 
Side-register control, 344 
Sine wave, 34n. 

Slowdown, by braking, 363 
Snubber action, 237, 362 
Soft tube, 4n- 
Sound, 262, 266 
Space charge, 48 
Spectrum, frequency, 261 
Speed, of capacitor discharge, 25 
limit of a-c operation, 316 . 
motor, 186, 192 
Speed regulator, 221 
Squeeze time, 119 
Stabilizer, 234, 437 
Standard {see Reference voltage) 
Start of oscillation, 296 
Steam control, like phase shifting, 
149 

Stored-energy welding, 239 
Stroboscope, Strobotac, 420 
Sudden tripping, of thyratron, 320 
Supersonics, 267 
Suppressor grid, 54 
Sweep circuit, 417 
Swing, like an oscillator, 291 
Switching, electronic, 80, 397 
Synchronizing, 419 
Synchronous control, of small weld- 
ers, 134 

Synchronous timing, 131 
T 

Tachometer generator, 195, 221, 
368, 426 

Tank circuit, 287, 292 
Temperature, thyratron, 113 


Temperature-control instrument, 
182, 304, 306, 312 
Temperature indicator, 71 
Tension control, 188 
Tetrode, 52 

Thftater-light-dimming control, 175 
Thermionic emission, 83n. 
Thermocouple, 304, 444 
Thy-mo-trol, 348, 371 
tire-building, 379 
Thyratron, 80, 104 
gradual control of, 145 
shield-grid, 114 

Thyratron-photoelectric relay, 106 

Thyrite, 442 

Time constant, 26, llOw. 

Time-delay relay, 25, 27, 35, 37, 122, 
210n., 328, 367 

Timer, automatic weld, 121, 125, 128 
Timing, of light flashes, 422 
Trailing tube, 139 
Transformer, constant- volt age, 437 
in ter phase, 254 
peaking, 138, 160, 430 
Transformer hum, 266n. 

Transient current, 132 
Triode, 15, 18 
controlling of, 49 
Tube, advantages of, 7 
kinds of, 47, 75 

high-vacuum vs. vapor-filled, 4 
in parallel, 255n., 299 
single, preventing firing of, 393 
vapor-filled, rating of, 88 
working of, 9 

Tube control, of d-c motor, 185, 348, 
371 

Tube number, 60n. 

Tube rectifier {see Rectifier) 

U 

Ultraviolet, 272, 274 
Unionmelt arc-welding control, 205 

V 

Vacuum contact tube, 444 
Vacuum tube, kinds of, 47 
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Vacuum-tube voltmeter, 404, 407 
Vapor-filled tube, 75, 88 
Vector diagram, llln., 135w., 138n., 
Ifiln., 374w., 387n., 390n. 
Visible range, 271 
Voltage, rms, 34n. 

Voltage doubler, 33, 34, 60 
Voltage-regulating compensator, 389 
Voltage regulator, 218, 223, 225, 227, 
229 

Voltage-regulator tube, 99 
VR tube, 99 

Voltmeter, vacuum-tube, 404, 407 
VoltOhmyst, RCA, 407 

W 

Warming time, 14w. 

Wavelength, 261, 265 
Waveshape, 364 
Web-register control, 338 


Weld time, 119 
Welding, arc, 205 
half-cycle, 141 
resistance, 118 
spot or seam, 120 
with stored energy, 239 
Welder load, 87, 88 
Weltrouic controls, motor control, 
196 

time-delay circuit, 41 
voltage regulator, 223 
weld timer, 125 

Westinghousc controls, Phototroller, 
67 

Precipitron, 32 
welder heat control, 162 
Wiring diagram, 63 

X 

X lay.., 276 
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